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PRINCIPLES OF AGRICULTURE. 



CHAPTER I. 

1. Soils. — ^The routino of operations by which vege- 
table food is produced from the earth is commonly known 
as Agriculture (ager, a field) or Horticulture {hoitn^f a 
garden), according as it relates to the field or the garden. 
The great object of such cultivation is to raise on any 
given space the greatest quantity of certain kinds of 
vegetation, vnth a due regard to the quantity of the 
produce, at the cheapest rate, and vrithout unduly 
taxing the energies of the soil. 

By the soil is meant the surface of the land, con- 
sisting of earthy matter of various degrees of fineness. 

All fertile soUs are composed of two classes of ingre- 
dients — organic and inorganic. 

TJhe Organic (Gr. organoUf a member) is derived from 
animal and vegetable substances. 

The Inorganic snhstances are the mineral constituents 
of the soil, and are usually said to be derived from the 
decay or disintegration {dis, asunder, and integer^ whole) 
of the primitive or ciT^stallino rocks, because these 
original rocks gave rise to all other varieties of rock 
formations. 

The late Sir Charles Lyell gives the following minerals 
as chiefly composing the crystalline rocks: — Quartz, 
Felspar, Mica, Hornblende, Augite, and Zeolites. 

Quartz forms the mass of silicious sand. It is found 
as a hard, six-sided crystal, and is composed of silicic 
acid, or pure silex. 

Felspar is the most abundant in the mineral world, 
next to quartz. It is chiefly composed of silica, alumina, 

B 
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and potash or soda. It is softer than qnartz. The softer 
minerals occurring in granite are of felspar, and its decay 
is the immediate cause of the formation of clay. 

3fica,from the Latin micOf I glisten, forms the glisten- 
ing scaly crystals in granite. It is composed mainly of 
silica, potash, and magnesia. It is found in many sand- 
stones, giving to them a silvery appearance, and is also 
very extensively distributed in rocks, and readily splits 
into brilliant thin plates elastic in texture. 

Hornblende and Augite, — ^Hornblende (hUnden^ to 
dazzle) ie a dark green or black mineral, consisting 
mostly of silica, magnesia, lime, and alumina. Its frac- 
ture has a horny, glistening appearance. 

Augite is of a dark green colour ; it contains silica, 
magnesia, lime, alumina, manganese, and protoxide of 
iron. Hornblende and Augite differ but slightly in 
form and mineral composition. The word Augite is 
derived from the Greek, and means *' splendour." 

Zeolites are composed of silica, lime, alumina, and. 
water. They ai*e easily decomposed into their component 
parts, and are found in the form of crystals, also in the 
cavities of trap rocks and ancient lavas. 

From the foregoing particulars it may readily be 
recognized how intimate is the connection between 
some of the general principles of Geology and those 
of Agriculture. 

Having noticed the chief substances in the composi- 
tion of the primitive rocks, we proceed to consider the 
agencies which have decomposed them. 

Had the exterior crust of the earth been subject to no 
modifying causes, the world would have been precisely 
the same in appearance as at the time of its creation. 
Such, however, is far from being the case. One continuous 
series of change and progression has been going on, 
occasioned by the incessant operations of the vai'ious 
forces in nature — ^the shivering of the earthquake 
ani tha upheaving of the volcano, together \\'ith tho 
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tmiversal operations of chemical and electrical agencies, 
being amongst the most direct and powerful in their 
action. The long continuance of these and other 
deRtructive agencies on the primitive rock may induce 
decay, and yield a soil, or the debris may, in course of 
time, through the agency of water, become hardened 
into stratified rock, or form beds of clay. These, by 
the out crop of their edges, and the exposure of part 
of their surfaces, like tiles upon the roof of a house, 
may combine to form the inorganic part of a 
cultivable soil with many of their original chemical 
properties. 

There are three great agencies which thus pulver'ze 
Rocks — (1.) The AtmospJiere, (2.) Water, and (8.) Frost, 

(1.) The Atmosphere.' -One hundred volumes of dry 
air under ordinary circumstances contain mechanically 
mixed, not chemically combined-— 

Nitrogen 79-12 

Oxygen 2080 

Carbonic Acid -04 

Carburetted Hydrogen "04 

Ammonia trace 



10000 



Many other substances are mixed with this proportion 
of dry air, aqueous vapour being the most important, 
and the oliiers sulphuretted hydrogen, sulphuric acid, 
hydrochloric and nitric acids, 'ozone, the miasmata of 
marshes, and various gases liberated from volcanoes. 
The following bases are also found in varying quantities : 
— ^Potash, soda, lime, manganese, and iron ; while others 
probably remain yet to be discovered. 

(2.) Water, — ^Atmospheric air and water, or aqueous 
vapour, are mutually capable of absorbing and retaining 
each otiier, and in consequence the carbonic acid of the 
atmosphere is taken up by the aqueous portion in its 
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varioas forms of snow, rain, dew, fog, or mist in passing 
through the air, and reaches the surface of a rock, bath- 
ing it in a dilute solution of carbonic acid in water. In 
course of time this proceeding causes the hardest rock 
to part with its alkalies, and, gradually loosening the 
cohesion of parts, the various constituents moulder away 
in small particles. 

(8.) Frost or change of temperature may be regarded 
as a mechanical phase of atmospheric agency, and under 
certain latitudes is an important modifying cause. Dur- 
ing the winter the moisture between the particles of all 
rocky matter often becomes frozen, and, in this state of 
ice, expands and forces apart these particles. While 
the frost lasts the ice holds them together ; but when the 
thaw comes, their cohesion being destroyed, they fall 
asunder, and offer a greater amount of surface for future 
pulverizing processes, and in this way, under all latitudes 
and in all tdtitudes where frost occurs, vast waste is every 
winter effected. 

Every cliff and railway cutting, every bare sloping 
bank and ploughed field, shows the effect of the 
" weathering " power of frost. 

2. Different kinds of Soils — ^Variations in their 
Composition, Texture, and Condition. — Soils may be 
divided into two great classes — (1.) SoUs in 9itu, and 
(2.) ** transported " soils. 

(l.) Soils in situ are such as have been formed &om 
the underlying rock. They consist largely of constitu- 
ents identical with the parent rock, with the addition of 
vegetable matter derived from the decay of past vegeta- 
tion. A rock once pulverised soon becomes fit to sup- 
port the lower forms of vegetable life. Fungi and lichens 
are followed by mosses and grasses, and, as these decay, 
their remains increase the depth of the fertile layer and 
give rise to carbonic acid. This, in its turn, tends still 
fturther to dissolve and break up the rocky layer beneath, 
— ^a process which is undoubtedly supplemented by tho 
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growing roots themselves. Soils in situ are also known as 
''sedentary '' or '* indigenous" soils. Examples are seen 
in the thin white soils of the Upper Chalk, the Clays of 
the Lias, the Clays of the Weald, and the Oxford Clays, 
together with the soils of the Lower Oolite, and Old and 
New Bed Sandstone. Beference to a geological map of 
the country will show at a glance the large extent of 
sedentary soils overlying the parent rock, and partaking 
to a large extent of its special constituents. 

(2.) Transported Soils, — These need not of necessity 
correspond in any important degree with the geo- 
logical features of any given district where they may 
occur. 

When we consider that the grinding glacier, the roll- 
ing river, the rushing flood, the molten lava, blinding 
clouds of ashes from the belching volcano, and even 
the mighty iceberg, may all have contributed to their 
formation, the varied nature of their particles will 
be fully accounted for, and cease to be a matter of 
surprise. 

Glaciers are simply ice-rivers formed from the ever- 
collecting snow by pressure from above. As they 
slowly and with irresistible force descend the moun- 
tain gorges, they rend, and grind, and scarify the 
rocks, the resulting particles being carried down to a 
lower level by the ice- water ever trickling from their 
extremities as they press beyond the snow line. 

Bivei's may form deltas, as may be seen in the case 
of the Nile, the Mississippi, the Amazon, the Ganges, 
the Bhine, and many others. Alluvial flats may be 
formed on the site of a lake where a muddy mountain 
stream is depositing its sediment and filling up its bed. 
Lake Geneva in this way receives the muddy impurities 
of the Bhone, which issues from it a pure and sparkling 
stream. 

Floods and Torrents^ by their velocity, dislodge and 
bear away fragments of rocks and stones, the " attrition" 
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or friction wearing away their snbBtanoe and deepening 
the water channel."^ 

Molten Lava finally cools, and in time crumbles slowly 
into a fine fertile clay, proof of which maybe seen in the 
luxuriant yineyards and olive gardens of Sicily and 
Italy in the neighbourhood of Etna and Vesuvius. Even 
in our own country, in the north and extreme west, and 
in the neighbourhood of Edinburgh in Scotland, there 
are fertile soils overlying ancient fields of lava. 

Volcanic Ashes are simply dust from volcanoes, this dust 
beingnothing more than the very minute fragments of the 
matter sent out from within a crater. A great propor- 
tion consists of fragments of films coating the bubbles 
produced during the boiling up of the lava. This rises 
into the air a great height, being so abundant and 
light that it reaches into the upper currents of the 
a^osphere. The currents of wind sift it, as it were, 
and it becomes distributed in uniform beds, some of 
one size and some of another, over an area amounting 
sometimes to thousands of square miles. The cities of 
Herculaneum and Poihpeii were, in a.d. 79, so completely 
buried in ashes and scorisB as to be lost to sight and 
knowledge for nearly twenty centuries. 

Icebergs, — ^During what is known as the " Glacial 
Epoch " a cold period must have set in, and the land 
in our latitudes and in the north of Europe undergone 
a submergence of some thousands of feet. During this 
period icebergs passed and dropped their burdens of 
boulders, gravel, etc., which afterwards appeared on the 
surface as the land became again elevated to its present 

♦ "It has been computed that a velocity of 3 inches pei second 
will tear up fine clay ; that 6 inches per second will lift fine sand ; 
8 inches sand as coarse as linseed, and 12 inches fine gravel ; while 
it requires a velocity of 24 inches to roll along rounded pebbles 
an inch in diameter, and 36 inches per second to sweep angular 
stones the size of a hen's egg." " Stones of ordinary specific 
gravit;^ (from 2*5 to 2*8) lose more than a third of their weight 
when immersed in water "—Prof, AruUd, 
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level, causing another distribntion of sea and land, and 
with this the glacial period passed away. During the 
gradual process of elevation, and as our islands appeared, 
glaciers and avalanches periodically descended, smooth- 
ing and ** striating " the hills and valleys down which 
they passed, and leaving the debris as *' moraines " of sand, 
gravel, or boulders. 

We have seen, then, that soils are due to 
the disintegration of rocks which has been going on 
for ages ; in the course of which time the country 
has been covered by a coating of earthy materials, 
varying in depth, composition, texture and condition, 
according to their origin and the agencies which have 
contributed to bring them together. Sandstone has pro- 
duced a light, porous, sandy soil ; slaty shale has yielded 
a cold stiff, impervious clay; from the crumbling 
limestone a calcareous soil has been formed ; the soils 
resting on the chalk formation generally partake of a dry, 
loose, friable character, congenial to many of the most 
useful forms of vegetation, while these and many other 
varieties become occasionally so intermingled that soils 
are formed of most complicated composition, varying in 
texture and in condition, and often extremely fertile. 

Peat, — This substance, of which bogs are composed, 
gives rise to a class of sedentary soils consisting almost 
entirely of vegetable matter, which oftenreaches as high 
as 97 per cent. It is a kind of humus proauced by the 
accumulation of the remains, more or less decomposed, 
of herbaceous plants peculiar to mosses, which, growing 
and flourishing in wet places, have become blended with 
other substances through the agency of water. 

Peat differs from ordinary vegetable mould in having 
had a different origin, and is a description of humus 
which specially requires intermixture with lime or 
potash to neutralize its acids, which are noxious to the 
better order of vegetation — ^the consequence of decom- 
position having taken place under water. 
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Peat soils occur only in moderate and high latitudes, 
its accumulation in hot countries being prevented by 
its rapid decomposition. Large tracts exist in the noriL 
of Europe and in Bussia, Germany, and France. Ireland 
contains nearly three million acres of peat land, and it 
forms an important class of cultivated soils in our own 
country. Even in the same locality peat differs con- 
siderably in its constitution and qualities. The varieties 
are occasioned by the different degrees of moisture and 
temperature which have influence on its formation and 
growth, by the proportions and qualities of the earthy 
substances combined with the vegetable matters, and by 
the texture of the original plants converted into peat. 
Where large surfaces of peat occur, the natural drainage 
is interrupted, and the rays of the sun, instead of com- 
municating heat to the soil, are expended in converting 
water into vapour. 

8. Classification of Soils, as determined by Fhysi- 
oal Condition and Chemical Composition. 

Physical Conditiom, — Soils are classified with reference 
to their character or physical properties, according to 
their texture or condition — a point on which they differ 
widely from each other. 

They may be wet and consequently cold, they may 
be warm and dry, they may be friable and easy to work, 
or tenacious and difficult to cultivate. 

The proximate ingredients of all soils are satuJ, 
clay, lime, vegetable matter^ and mine7'al fragmenti 
(stones). Of these, sand and clay are the most 
important, and what is known as the physical analysis 
of soils is based upon the proportion of sand and 
clay which they contain. For instance, a soil which 
is classed as — 

A Sandy Soil is one in which sand predominates. 

A Clay Soil is one in which clay predominates. 

A Loam is a soil containing about equal proportions of 
sand and day. 
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A Sandy Loam contains about 75 per cent, of sand. 

A Clay Loam contains about 75 per cent, of clay. 

Bnty as in actual practice a soil seldom yields 
exactly these results, each should be classified with that 
to which its composition most nearly approaches. The 
manner in which this is determined is extremely simple. 
First, the stones and portions of rock are removed as not 
forming part of the soil proper. The fine earthy matter 
is then separated by sifting, and carefully dried and 
weighed. It is then mixed with water, thoroughly 
shaken and put to settle for a short time, when the 
sand will fall to the bottom. The finer particles still 
floating in the water are composed of clay, and after 
being poured off into another vessel are allowed to 
settle, and the water carefuUy removed. In this way the 
sand and clay may be separated, weighed, and compared. 

Sand. — This varies in its composition according to 
the rock from which it is derived. If it contain minute 
particles of lime it is called calcareous sand (calx — lime). 
Sea-sand is occasionally rich enough in this respect (from 
its admixture with sea shells'! to be used as a cheap sub- 
stitute for lime, as in the neighbourhood of Bude on the 
north coast of Cornwall. 

Silicious sand (sUex, flint) is mainly composed of small 
grains of silicic acid, or silica. This substance forms a 
very large proportion of sandstone, and exists abundantly 
in granite and other crystalline rocks. It is seen in the 
purest form as ** silver sand." Micaceous sand, containing 
mica, is another variety. 

Sandy soils are loose, friable, open, and dry, and for 
that reason easily cultivated; but sand alone, from its ex- 
tremely elementary nature, is unfit to support plant life. 
Its particles assist in keeping open the pores in a soil, 
thus facilitating the percolation of water, and the pass- 
age of roots in search of food. When charged with 
moisture, sand dries quickly, and readily absorbs and 
retains heatt 
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Clay is produced by the decomposition of felspar, or 
of almost any of the crystalline rocks. If this decom- 
position has gone so far that little remains besides the 
silicate and sdumina, which are the chief constituents, 
the soil will be almost barren ; but this is seldom the 
case. The silicate and the alumina are generally asso- 
ciated with potash, soda, lime, ferric oxide, magnesia, 
and carbon dioxide. These impurities render clay much 
more valuable as a constituent of soils than if it were 
pure. This fertility, howeyer, is largely dependent upon 
the presence of a peculiar form of silicate of alumina, 
which, combining with lime, soda, potash, and ammonia, 
forms what are iermedidovhle silicates. In these double 
silicates part of the alumina has been replaced by an 
equivalent of lime, soda, potash, or ammonia, forming 
most valuable compounds, known as silicate of alumina 
. and lime, silicate of alumina and soda, silicate of 
alumina and potash, and silicate of alumina and 
ammonia, further particulars of which will be given 
hereafter (26). 

China clay and pipe clay are the purest forms in 
which clay is found. In structure it is crystalline. Its 
plasticity imparts a retentive character to a soil, enabling 
it to hold moisture, while its coolness enables it to 
resist drought. Alumina itself, which forms the basis 
of all clays, and to which its plastic property is 
owing, is not known to enter directly into the com- 
position of any plant. 

Marl is a mixture of lime and clay, breaking up into 
small, square-like masses when dry. It is found of 
various colours — ^red, grey, yellow, and blue — ^and varies 
much in quality. It has been known and used from the 
earliest ages, but its use is being greatly superseded by 
that of lime, a quicker and more efficient substitute. 

From the nature of its composition it acts as a manure, 
and also has an important effect in altering the natural 
condition of the soil to which it is applied. Marls are 
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classified as " trae marls," consisting mostly of ealcimn 
carbonate or carbonate of lime, and ** clay marls," in 
which clay predominates. Some marls contain as 
much as from 80 to 90 per cent, of lime, others only 
8 per cent. 

lAme. — ^The use of lime dates from a very early period. 
It occurs as a constituent of all fertile soils in several 
forms, of which chalk, the purecarbonateof lime, is one 
of the most extensive formations in England, reaching 
in an irregular and almost continuous line from Flam- 
borough Head in Yorkshire, to Sidmouth in Devon in 
one direction, and in another, to Margate and Dover in 
Kent, occupying a very wide extent in Wilts and 
Dorset, as well as some other localities. It is often of 
great thickness ; in one instance, atlnkpen, about 1,100 
feet. The upper portion, which contains flints, affords 
but a poor thin soil, which, however, becomes vety 
available for turnips and barley. The lower oolite and 
magnesian and mountain limestones consist largely of 
lime, which is also found in the form of marbles in many 
other geological formations, so that it is available in 
nearly every district; its wide distribution being proved 
by the fact that it is found in all fertile soils in more or 
less abundance. 

Lime contains a large amount of impurities, a circum- 
stance which adds to its agricultural value, so that when 
associated with clay, the compound will consist of most 
of the elementary substances which enter into the compo- 
sition of plants. 

Vegetable Matter. — ^Thename "humus" or "vegetable 
mould " is given to the organic matter, more or less de- 
composed, which gives to a rich soil its dark colour, and 
which constitutes so large a proportion of peaty deposits. 
If a quantity of soil be burnt, a portion of it will be 
dissipated and lost — ^this will be the organic part, formed 
from the remains of plants (and animals) which have 
grown, lived, and died, and left their remains upon the 
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soil, or been conveyed to the soil in the fonn of mannre. 
This organic matter is always in a state of gradual decay, 
which continues till it is reduced to the condition of pure 
carbon. An excess or deficiency of this partially decayed 
matter is alike unfavourable to fertility ; in the former 
case by rendering the soil too light for the retention of 
water, and in the latter from a deficiency of organic food 
required by plants, particularly in the earlier stages of 
their growth. 

Mineral or Stony Fragments, — ^Wherever these occur 
in great abundance they tend materially to modify the 
character of the soil. The nature of these stony frag- 
ments depends on the origin of the soil of which they 
form a part. An alluvial, ** transported " soil will contain 
water- worn fragments and rounded pebbles which have, 
perhaps, been carried down by some river and deposited 
in its estuary. In a *' sedentary" soil, the fragments will 
be portions of the underlying parent rock, while in a 
soil composed of the disintegrated materials of various 
rocks we may expect the stony fragments to be equally 
diversified in their composition. All mineral fragments, 
under the influence of frost, warmth, and moisture, are 
gradually being reduced in size, and must finally mingle 
with, and form part of, the finer particles of the soil — a 
process only dependent, as to time, on the intensity of 
these forces. 

It will thus be seen that the physical condition of 
soils is entirely due to the proportions in which sand, 
clay, lime, vegetable matters, and mineral fragments enter 
into their composition. 

Chemical Analysis of Spils, — In addition to this 
physical analysis of the soil, the several ingredients of 
which it is composed are determined by chemical 
analysis. This process reveals the fact iiiat a large 
number of different substances of varying proportions 
exist in the soil. 

In itself the soil may be said to consist of two distinct 
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classes of bodies — ^the inorganic or mifUral matters, and 
the organic, or that which once had life, either animal or 
vegetable. The organic constituents, as already mentioned, 
are termed humus. This is incapable of being directly 
absorbed by the plant, but is useful from its power of 
absorbing ammonia, soda, potash, lime, and magnesia, and 
thus preventing their being washed out of the soil ; 
and, in the second place, from the effect which the car- 
bonic acid, produced by its decomposition, has upon the 
mineral ingredients of the soil. 

When a soil is exposed to the action of fire these two 
groups are separated, the organic matter being dispersed 
and the inorganic or ** fixed " remaining. On examination 
the following are found to be the most important bodies 
usually found in cultivated soils, and are mostly to be 
met with as well in the crystalline rocks : — 



Silica. 


Phosphoric Acid. 


Alumina. 


Carbonic Acid. 


Ammonia. 


Sulphuric Acid. 


Potash. 


Magnesia. 


Soda. 


Oxide of Iron, 


Lime. 


Chlorine. 



In analysing a soil it is necessary to determine (1) the 
organic constituents, (2) the substances soluble in water, 
(8J those insoluble in water but soluble in acids, and 
(4) thoso insoluble both in water and acids. Of the 
organic constituents, the plant generally contains much 
and the soil comparatively httle. Upon the substauoes 
soluble in water the plant will generally depend for 
its nourishment. Of those substances insoluble in 
water but soluble in acids, the proportion is very 
variable, but usually forms about 10 per cent, of the 
whole. Of those insoluble both in water and acids 
the proportion is large, amounting generally to from 
80 to 85 per cent, of the whole. It is highly impor- 
taut for the fertility ol the soil, not only that ceiiain 



S8 raiKoiPLBa oy AaBiouLruBB, 

of its consiitaents should be in a soluble state, but 
that others should be capable of beuig readily made 
soluble, so that a supply of the essential elements of the 
plant may be constantly kept up. Even those portions 
of a soil generally stated as being insoluble are gradually 
being disintegrated, and thus form a source of the con- 
tinued fertility of the soil. 

4. Active and Dormant Constituents of the Soil. 
— The inorganic matter of a soil is distinguished accord- 
ing to its soluble condition. Those portions of a soil 
which are ready for use — that is, can be dissolved by the 
influence of rain water — are known as the active con- 
stituents ; while those which are not ready for use, as 
not being soluble in rain water, are termed dormant 
(Lat. dormiOf to sleep). 

The former serve for the immediate use of vegetation, 
while the latter is the storehouse from which future 
supplies of fertility are drawn as the active constituents 
become exhausted and used up by the requirements of 
vegetation. 

A distinct feature of good farming is the growth 
of heavy crops without unduly exhausting the active 
ingredients of the land, because the reserve supplies in 
a dormant condition are constantly undergoing the 
necessary change by judicious management. 

The natural forces which change the dormant matter 
into the active condition are precisely similar to those 
which break up the rocks and stones to form a soil, viz., 
fr^st^ warmth, and moisture. 

The frost and warmth, by freezing and thawing alter- 
nately, break up the soil of a field roughly ploughed 
before winter into a fine Condition. The carbonic acid 
aud oxygen contained in the rahi water so act upon the 
surfaces of these particles that some portions of them 
become soluble in water and ready to be taken into the 
circulation of a growing plant. If this demand on the 
land be eontinaed without any return being ix^ade to 
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the soil, it is clear tbat the land will in time hecome 
exhausted, and consequently unproductive. To remedy 
this the land receives artificial supplies at the hand of 
man in the shape of manures of various kinds. 

5. Conditions Regulating the Conversion from 
the Dormant State into an Active Condition, avail- 
able for Cultivation. — We have seen what the influences 
are which combine to change the dormant parts of a soil 
into an active condition, but to enable these influences 
to work most effectually and quickly, certain mechanical 
operations are carried out by the farmer, enabling the 
process to be done in a much shorter period of time. 
These processes are known as the *' cultivation" of the 
soil (Lat. cultuMf to till). The operation is further 
assisted by the application of a certain class of manures 
which exert a chemical influence of a highly beneflcial 
character. 

The use of the plough to turn up the soil, the harrow 
to break it down, and the roller or crusher to reduce 
it to a state of fine division, completes the process of 
pulverization commenced by the frost, and allows the 
rain to percolate through it and carry out the necessary 
chemical operations by means of its contained carbonic 
acid and oxygen. This action is still further enhanced 
by the upward passage of water through the fine inter- 
stices by capillary attraction. 

6. Chemical and Physical Conditions Begulating 
the Barrenness and Fertility of Soils. — Barrenness 
may result from various circumstances. 

All fertile soils contain a number of inorganic sub- 
stances (8), and if these be not present in sufficient 
quantity certain crops will not ripen in consequence. 
By far the greatest number of soils are poor in phos- 
phoric acid ; hence the great use of phosphates as 
fertilizers. Some contain too small a proportion of lime ; 
hence the practice of liming and marUng. Others possess 
too limited a supply of the alkalies, more particularly of 
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potash — especially is this the case with light sandy soils ; 
hence the necessity for the application to them of large 
quantities of the alkalies hefore they can he made fit for 
the cultivation of root crops, the ash of which is 
peculiarly rich in potash. In other cases some of these 
substances may be present in excess, as is often seen 
with some of the lower compounds of iron, salt, and 
acrid organic matter, all of which prevent healthy 
vegetable growth. 

The physical condition of a soil may bo such as to 
prevent vegetable growth, however rich it may be in 
the necessary elements. 

The following are some of the causes of barrenness in 
soils: — ^Tho excessive preponderance of sand, lime, or 
even pure clay ; too close proximity to the bare rock, 
the soil only forming a thin layer above ; the existence 
pf an impervious clay subsoil not easily drained ; defective 
drainage. Many sterile, retentive clay soils contain all 
the elements of the food of plants, and only need to be 
penetrated by the air to make them fertile ; break them 
up thoroughly and let the frost and air act upon them, 
and vegetation will flourish on them at once. 

7. Mechanical Condition of the Soil in Belation 
to the Growth of Seed. — ^In a state of nature all plants 
are propagated from seed. Moisture, warmth, and air 
are considered essential to the development of all seeds, 
and most of them require, in addition, conceahnent 

from the light.* 

» I ■ ■■■ ■ ... - " I. 

* It has been proved that several kinds of seeds will germinate 
between pieces of ice. Experiments have been made upon wheat, 
rye, barley, red beet, rape, lucerne, poppy, and manj other seeds. 
Several hundred seeds were employed of each species, and every 
fourteen days the seeds were taken out of theioe-chest — ^whose 
temperature was kept constant between 0^ and 1^— and examined 
in a space whose temperature was imder freezing point. In f ortv- 
five days a decided beginning of germination was visible in eight 
different species. In four months it had continued to progress in 
a minority of these; the rest* had stopped. In fourteen species 
there was no germination. The opinion has been expressed that 
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To secnre these essentials for the weiUbeing of the 
plant it is necessary that the soil, besides being well 
stored with available plant-food, should be in sach a 
mechanical condition as to admit of easy access and 
egress to superflnons water ; suf&ciently retentive to 
support the plant firmly in the ground, and to guard 
against drought ; firm enough to protect the roots, and 
yet so sufficiently yielding as to admit of their passage in 
search of food, and the subsoil sufficiently favourable to 
act as an auxiliary with the same ends in view. 

8. Power of Soils to hold Manure — how artifloially 
assisted. — ^A cubic foot of sand weighs about 110 lbs., 
and a cubic foot of clay about 80 lbs.; yet bands are called 
light lands and clays are described as heavy lands ! The 
explanation is very simple. The particles of sand are 
large and coarse compared to the particles of clay, 
which are an almost impalpable powder, consequently 
the porosity of clay is far greater than that of sand, 
and it contains less solid matter in proportion to its 
volume, since the porosity of a soil may be measured 
by the fineness of its particles. 

To the porosity of a soil, then, may be referred its 
capability of absorbing and retainingmoisture,* its degree 
of capillarity (Lat. capUluSf hair) — allowing water to rise 
through its interstices — and the action of that attractive 
force which condenses and retains on its interstitial 



those seeds which can ^erminat^ at a lower temperature than 
others of the same species, will give plants that require a less 
amount of heat for their complete development than the others." 
—'^Nature:' 

* The following table will show the retentive powers of differ- 
ent soils : — 100 lbs. of dry soil will liegin to drip, if it be a 

Quart^sand when it has absorbed 25 lbs. of water. 
CalrareouA sand „ „ 2P llw. „ 

Jioamy soil „ „ 40 lbs. •« 

English chalk t* ti ^ ^^>s. „ 

Clay loam m m 60 lbs. „ 

ruieday m » 70 lbs. » 
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0arfaoe0 the fertHizing soluble matters of the soil (5), 
to await absorption by the roots of plants as they 
ramify in search of nutriment. 

As clays possess this retentive power to such a large 
extent (see table), it accounts for the excellence of such 
soils under good cuUivation. The retentive power of 
light soils to hold manure may be improved by marling, 
claying, and judicious manuring, and even the applica- 
tion of lime improves them in this respect, since lime is 
intermediate between sand and clay in its retentive 
qualities. 

9. Essential Differences in the Cultiyation of 
Zdght and Heavy Soils. — ^Light soils, as abeady 
observed, are generally of a loose, friable, open, 
dry character, and for that reason are more easily 
and less expensively cultivated than any other 
description of soils. Many consist almost entirely of 
silicious sand and gravel, with but little alumina and 
calcareous matters. Such soils are amost absolutely 
barren, and are often termed htmgry soils from their 
tendency to absorb manures without any corresponding 
benefit to the land. Others contain a larger proportion 
of the alumina and lime, and are consequently more 
compact and always more fertile. Sandy soils are 
capable of improvement, which generally well repays 
the expense of material and labour. 

Clay, marl, chalk, and any substance tending to 
counteract the loose texture and porous nature of 
sandy soils may with advantage be applied to them. 
On the better kind of light soils, turnips and barley 
do well; hence they have been termed ** turnip ** and 
** barley '* soils. The usual course pursued in the treat- 
ment of such soils is to work it in a way that will 
render it more compact and solid. The roots are fed 
off by sheep in the winter, their treading and manuring 
being a fine preparation for grain. 

Shallow ploughing in springi often when the land is 
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wet, the use of heavy rollers and the application of well- 
rotted manure, are precautious adopted to promote con- 
solidation. 

Tho properties of heavy soils containing much clay 
are distinctly opposed to those of sandy soils, and tho 
system adopted in working them is consequently very 
dissimilar. They have heen termed *' wheat and hean 
soils," because they are most suitable for these crops. 
When properly cultivated some are turned into highly 
fertile soils. Their faults arise out of their mechani- 
cal structure, not out of their chemical composition. 
The former may be corrected by draining, the use of 
bulky manures, and the addition of lime, ashes, &c* 
Turnips and swedes are unsuitable crops because of the 
difficulty and expense of securing a sufficiently fine tilth 
for the proper germination of their small seeds in the 
spring and early summer, and because both carting off 
the produce in &e autumn and feeding them off in the 
winter is troublesome and injurious. 

The retentive plastic nature of clay lands requires a 
system of cultivation which shall lighten up a soil 
aJready too consolidated, such as autumn ploughing, to 
realize the full effect of the winter's frost, and the use 
of long fresh manure, so that its fermentation and decay 
may open up and divide the tenacious soO. 

It is usual on this class of land to grow spring and 
winter vetches, early white turnips, cabbages, rape, 
kohl-rabi, and kale as substitutes for swedes and turnips, 
as the former may be eaten off in the dry months and 
the ground cleared in time for autumn wheat sowing. 

10. Influence of Cliinate on the Froduotiye Powers of 
the Soil. — ^The term climate comprehends all the changes 
of the atmosphere with respect to temperature and 
humidity; the phenomena of winds; state of the clouds 
with respect to their properties of favouring or retard- 
ing the solar rays and influencing radiation ; the pros- 
sure of the air and its electrical condition — all of whi^. 
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to some extent, depend on each other, and are more or 
less intimately connected with agriculture. 

The generiJ causes affecting the climate of any locality 
may be referred to (1) latitude, (2) height above sea 
level, (8) distance from the sea, (4) proximity to forests, 
marshes, or large bodies of water, (5) aspect, (6) nature of 
the soil, (7) situation with respect to protecting ranges 
of hills and prevailing winds. 

On laHiude chiefly depends the general character of 
the climate. 

The height of sea level will cause a decrease in tempera- 
ture in Great Britain to the extent of about 1^ Fah, 
for every 270 feet in altitude. Wheat, in consequence, 
will not ripen at greater elevations of from 1,000 to 
1,200 feet, and other crops suffer in proportion. 

Distance from the sea. — ^Large masses of water main- 
tain a more equable temperature than landi Proximity 
to the sea consequently gives a more uniform tem- 
perature than is conferred on more inland localities. 

Forests by their leaves condense vapour, and by pre- 
cipitating it to the ground help to feed springs; they 
also give great shelter, especially when situated on high 
grounds and the slopes and crests of hills. 

Marshes and Lakes act unfavourably on climate by 
augmenting fogs and mists, as well as by noxious 
emanations inimical both to man and beast. 

Aspect^ Slope, or Inclination has a very material effect 
on the productive powers of a district by regulating the 
drainage, and also the amount and intensity of the solar 
rays which fall upon it. T'^e southern sunny slopes of 
mountains, pasture lands, gardens, &c., with a favourable 
aspccfc, possess well-known advantages over others not 
BO well situated; 

Nature of the Soil. — On its texture and composition 
will depend its power to withstand drought, absorb and 
retain heat, and generally to modify favourably or other- 
wise the extremes of climate. Even colour has its ix^u- 
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ence, a dark-colonred soil absorbing more heat rays than 
one of a lighter hue. 

Winds have an effect on vegetation according to their 
direction. In this country tiiose from the north and 
east are cold and dry, and on the whole unfavourable ; 
while from the south and west the mild, genial influence 
is favourable to vegetable life. Shelter by ranges of hills 
from unfavourable winds must consequently be included 
in any list of modifications of climate. Many of the 
rotations of crops which are carried out in Great Britain 
ean be distinctly traced to the influence of climate. The 
system of Scotch husbandry agrees closely with the 
Welsh and Irish in many particulars where the meteoro* 
logical phenomena have many points of resemblance. 

The comprehensive nature of climatic effects is some- 
times greater than that of manure, so that agricultural 
results will always be dependent on the character of the 
seasons. The importance of rain or of sun at particular 
seasons is well known to the practical farmer, whose 
calculations may be all modified by the absence of rain, 
during the time when plants are forming their leaves, or 
cool damp weather when the seed is being filled. In 
experiments by Mr. Lawes it has been found that " the 
lowest weight of the bushel and the greatest amount of 
straw correspond with the driest season, and the finest 
quality of the grain with the hottest summer." The whole 
bearing of these and other experiments tend to provo 
that no variation in the quality of manures "^ill enable 
the farmer to overcome the effect of climate. The most 
that can be done is to adapt the management of the land 
to the conditions under which it is placed, endeavouring 
to take advantage of what is favourable and to avoid 
what is the reverse. 
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CHAPTER n. 

U. Substances found in Plants. — ^Plants are organic 
bodies, deriving their nourishment from the soil, and from 
the atmosphere through the roots and leaves. The entire 
body of the plant is a system of cells and tubes destined 
for the reception and transmission of the sap which 
rises from the roots towards the upper part. From this 
passing current each cell extracts the constituents 
required for its own purposes, and when these are served 
they are passed on again, or reserved for future needs, 
or used to increase the sohd bulk of the cell itself. The 
leaves of plants are full of pores through which they 
drink in carbonic acid and watery vapour. Plants are 
thus possessed of a vital principle, differing only in form 
and intensity from that of animals. 

All plants may, by burning, be separated into two 
parts, &e Organic, or volatile, which mingles with the 
air as gas ; and the Inorganic, or fixed, which remains 
as " a^," and which is in reality the mineral matter 
contained in the plant. The following table shows the 
substances found in plants : — 



Organic. 
(Non-nitrogenous) 
/Starch 



0,0,&HonlyH 



Gum 
Sugar 

Cellulose or 
woody jfibre 

l^Oil 
(Nitrogenous) 

/Albumen 
Fibrine (glu- 
0,O,H,&N-| ten) 

I Casein (legu- 

V nain) 



Inorganic. 
Silica 
Ammonia 
Potash 
Soda 
Lime 

Phosphoric Acid 
Carbonic Acid 
Sulphuric Acid 
Magnesia 
Oxide of Iron 

Chlorine 
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Eaeh separate class of plants is known to take np or 
select merely those mineral matters from the soil which 
are necessary^to elaborate its own stractnre and to refdse 
that which is not desirable for its growth. If we take 
the entire range of onr cultivated crops, we find that the 
whole of the mineral or inorganic matters named in the 
foregoing table are taken np into their substance. In the 
words of Professor Tanner, " Alumina appears to act 
rather as an ' out-of-door * servant, oarefiilly avoiding 
going into the plant." 

12. Source from which fhey are Derived. — The 
mineral matters are derived entirely from the soil. 

The organic part of a plant comes partly from the soil 
and partly from the atmosphere — ^from the former in the 
form of its contained carbonic acid and ammonia,* from 
the latter in the form of carbon, oxygen, hydrogen, and 
nitrogen. (1.) These four form the elements of the 
nitrogenous matters, while carbon, oxygen, and hydro- 
gen only enter into the composition of the non-nitro- 
genous substances. The nitrogenous substances have 
also received the name of albumenoids from albumen, 
their leading representative. 

13. Exhaustion of the Land. — ^All plants take from 
the soil inorganic matters varying both in quantity and 
variety. It is therefore possible, the soil bemg the only 
source of supply, if the same kind of cropping is carried 
on for a long time without a proper return being made to 
the land in the form of suitable manure, for the land to 
become less and less productive and finally " exhausted.'' 
The substances which plants require may be still in the 
land, and that to a very large extent, but they are not 
soluble f and are consequently useless. By allowing the land 
to rest or remain fallow a sufficient length of time, these 
insoluble matters will change to the soluble condition 

• 6 lbs. of carbon and 16 lbs. of oxygen=22 lbs. of carbonic acid; 
14 lbs. of nitrogen and 3 ibs. of byarogen»17 lbs. of ammonia. 
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and become " active," thus restoring the exhausted land 
even without the aid of manure. 

The following extracts from tables drawn up by Dr. 
Lyon Playfair will give an idea of the power of selection 
exercised by different plants in taking inorganic matters 
from the soil : — 

ZNOBOAinO MiLTTEB REMOVED FROH AN AGBE OF LAND BT 
AVERAGE CHOPS OF THE FOLLOWn^a KINDS I 



Potash ..•.•..••... 

Soda 

Magnesia 

Lime 

Phosphoric Acid 
Sulphuric y) 
Carbonic „ 

Silica 

Peroxide of Iron 
Common Salt ... 



WHEAT. 


BEANS. 


TURNIPS 


CLOVER. 


Wdffhtin 


Weiffht in 


Weiffht in 


WeLrhtin 


25-70 


111-80 


201-68 


52 


1-87 


9-37 


39-21 


7 


7-18 


1627 


21-54 


85 


10-19 


37-21 


107-68 


111 


19-62 


35-83 


58-98 


20 


6-90 


2-44 


78-82 


13 


• •• 


• •» 


42-71 


•*• 


102-66 


12-56 


14-24 


10 


1-62 


•35 


6-29 


3 


•36 


805 


66-84 


8 


175-00 


233-88 


637-99 


25a 



14. Essential Differeaoes between Good and Poor 
Land. — ^By a good soil is meant one having all tho 
conditions necessary for the production of heavy crops. 
Such a soil will have in itself all the substances which 
plants require for their growth and maturity, and 
these various matters will be sufficient, not only for 
present use, but also ready to furnish future supplies 
under the ordinary solvent forces. 

In this respect its fertility may be measured by the 
plant constituents present in the least proportion, just 
as the strength of a chain is measured by that of its 
weakest link. The physical condition, too, of a fertile 
soil must be satisfactory with regard to subsoil, draiuage, 
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porofiity, tenacity y and other mechanical points — the soil 
considered as a storehonse, must not only be fall, but 
the key must be forthcoming and the climate 
favourable. 

By a poor soil is understood one which is deficient 
in some of the foregoing advantages, or contains them 
only to a limited extent. 

15. Kecessity for Manure. — The term manure in its 
modem and wider signification includes every substance, 
whether of vegetable, animal, or mineral origin, which, 
when applied to the soil, has the effect of increasing its 
fertility. 

That part of a plant which is derived from the 
air may, in a general sense, be looked upon as 
unlimited in supply; but the case is different with 
the mineral matters, which plants take entirely from 
the soil. The supply of these under continous 
cropping may be overtaken by the demand, and then 
fertility decreases. 

The condition of the laud may, however, be rapidly 
restored by judicious manuring, which not only supplies 
the desirable materials, but assists the process of de- 
composing the dormant mineral matters into those of 
a soluble form immediately available. Some manures, 
too, as lime, marl, and farmyard manure, alter and im- 
prove the physical character of a soil by opening up 
and dividing' its pores. 

16. The Production and Waste of Farmyard 
Manure. — ^Farmyard manure consists of the excre- 
ments and urine of farm animals, mixed with straw 
or other litter. It has happily been termed a 
"general manure," from its capability of restoring 
the entire loss sustamed by the land in cultivation, 
and so maintaining thoroughly its fertility. When 
derived from animals liberally fed on roots, hay, 
com, and cake, it forms the best known type of 
a manure for general purposes. In durability, chemi- 
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cal action, and mechanical effect, it stands imrivalled; 
bat its actaal composition and economic value is 
regulated by the way in which it is produced on the 
/arm, so that analyses can only give a general idea, 
and will present considerable variations. 

Sources of Waste, — ^If, while accumulating, too much 
heat is produced by the fermentation which invariably 
sets in, the anmionia (which is its most valuable part) 
becomes volatile and flies off. 

Too much moisture, on the other hand, will wash 
away the soluble matters resulting from a proper fer- 
mentation, and rich black streams of liquid manure 
will be observed escaping, which carry witii them the 
organic acids, combined with ammonia in a still more 
valuable form. 

As manure heaps, in a general way, stand in the open 
air exposed to all the changes of the weather, the heavy 
washing from the rains form a source of waste which is 
often overlooked. 

17. Conditions regulating the Production, Haaage- 
ment, and Application of Farmyard Manure. — 
Production, — ^The excrement of different kinds of farm 
stock varies considerably in its properties. 

Horse-dung, from its loose texture, readily admits the 
air, rapidly ferments, and heats quickly, throwing off 
much ammonia. Its hot nature causes it to be quick 
in its action, producing a rapid effect on application. 
Cow-dung is cool and moist and slow to ferment ; its 
action is consequently slower but more lasting than that 
of horse-dung. 

Pig manure is intermediate in its nature between 
that of the horse and the cow. No manure varies 
so much in quality, because the food supplied to 
these animals is so variable. Its value depends 
entirely on the food — that from fattening animals 
being far superior to that derived from breeding 
sows. 
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TRBSB OOW Ain> PIG MAKUBB. 



Water 66*17 

* Organio f Soluble... 2*48 

Mktten 1 1n8olaU625'76 
t Inoreaniof Solubla.. 1'54 

Matters' Insoluble 4*05 



. 66-17 
\\ 6*69 



100*00 
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76-43 
16-53 

805 




100-00 



* Hie organio matters In the fresh manure contained *780 of 
ammonia, and in the rotten dung '735 of ammonia. 

t The inorganic substances consisted of silica, lime, potash, jphoe- 
phate of lime, magnesia, sulphuric add, carbonic add, soda, chloride 
of sodium (common salt), oxide of iron, alumina, Aa 






Sheep droppings contain more nitrogen and less water 
than those of the horse, hat its compact nature makes 
it less ready to ferment. The urine is a very valuable 
fertilizer, as it contains a large amount of nitrogen, and 
furnishes ammonia on decomposition. As a general 
rule, sheep manure forms no part of farmyard manure, 
or only a small proportion, the animals being mostly fed 
in the fields. 

The quantity of manure made on a farm is lunited, to 
a large extent, to the amount of straw and fodder avail- 
able. An acre of land growing a ton of straw will pro- 
duce probably 4 tons of fresh or 2f tons of well-rotted 
dung.''' As far as experiments have been made, horses 
and fattening cattle in stalls will produce one ton a 
month, and 8 or 10 pigs a similar amount. 

The quality of the produce will be influenced by a num- 
ber of circumstances, of which the following are a sum- 
mary: — (1) The kind of animal; (2) its age and 

* ** 100 cwt. of fresh farmyard manure are reduced to 80cwt, if 
allowed to lie till the straw is half rotten ; 100 cwt. of fresh farm- 
yard manure are reduced to 00 cwt. if allowed to ferment till it 
gets *' fat and cheesy ; " 100 cwt. of fresh farmyard manure are 
reduced to 40-50 cwt. if completely decomposed." 
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eondition ; (8) the quantity and quality of food supplied; 
(4) the amount of litter supplied and the material com- 
posing it; (6) the management when acoumulating ; 
and (6) its treatment during fermentation. 

Management, — ^A certain amount of heat, moisture, 
and air are essential conditions, without which organic 
matters cannot enter into fermentation or putrefaction. ' 
These conditions exist in the farmyard, hence the fer- 
mentation which soon begins in fresh dung. 

Nitrogenous substances in the manure heap when 
decomposed produce ammonia : non-nitrogenous sub- 
stances produce carbonic acid or some organic acid, 
such as ulmio or humio acids. 

Carbonic acid is formed when the manure gets dry 
and hot, the organic acids when it is kept cool and moist. 

Carbonic acid combines with ammonia and forms car- 
bonate of ammonia, which is higly volatile, and con- 
stantly flying off into the air. The organic acids 
combine with ammonia and form ulmate or humate of 
ammonia, by which the ammonia is preserved. 

Fermentation, if too rapid, can be checked by the 
judicious use of water, which lowers the temperature and 
displaces the air. Lightly turning and watering if too 
dry will hasten fermentation by giving full force to the 
decomposing influences. 

If fermentation be too long continued the whole of 
the ammonia will be dissipated and lost. It is a common 
practice with good farmers to make their manure heaps 
on a foundation of some dry absorbent material, and to 
cover them with a layer of something similar, in order to 
absorb the organic acids and fix the ammonia. The fol- 
lowing substances are usually applied with more or less 
success for preventing the loss of ammonia in manure 
heaps : — 

Adds. — Sulphuric, hydrochloric, humio, and ulmie 
acids. 

Tonic Salts. — Green vitriol, gypsum commou salt« 



PoTotu Substances, — Charcoal, peat charcoal, poat 
mould, coal and peat ashes, and earthy matter of every 
description. 

Application of Farmyard Manure, — ^The condition 
in which the manure is applied will vary with the time 
of the year, the class of land, and the crop for which it 
is intended. 

In soils which can be trusted to take care of it, long 
fresh dung may be carted direct to the field and ploughed 
in at once during the autumn and early winter. This 
will apply to some of our clay loams, and loams suffi- 
ciently heavy to retain the results of slow decomposition. 

In the case of heavy stiff clay the mechanical condi- 
tion will be improved and the pores opened up and 
lightened, every straw as it decays acting as a channel 
to admit the air. 

Light soils, on the contrary, should have the manure 
applied in a short, mellow condition, so that its quick 
action may be exerted before the porous nature of the 
land allows the prepared soluble matters to be washed 
beyond the reach of plant roots. The free character of 
these soils will not admit of their being rendered more 
open by the use of manure whose fermentation is only 
partially complete. 

Farmyard manure applied in hot weather, as in 
May and June, for roots, should be ploughed in at 
once, so that its "nature" may not be impaired by 
drying. 

The amount per acre varies with the crop ; and as to 
the time of application, every month in the calendar 
sees it used, either as a present or preparatory food for 
one or other of our ordinary farm products. 

The following table gives an idea of the amount of 
farmyard manure supphed in ordinary practice, though 
this is often supplemented by "artificials" both at 
the time of planting and also during the period of 
growth:— 
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BOOTS. Tons per acre. 

Manfifel 20 to 30 

Swedes 20 to 30 

Potatoes 20 to 30 

White Turnips 18 to 20 

COBN. 

Beans 12 to 15 

Rye 12 to 15 

* Wheat. 12 to 15 

FODDEB. 

Rye 12 to 15 

Vetches 12 to 15 

Clover 12 to 15 

Grasses 12 to 15 

Cabbages i 20 to 30 

* The farm manure for moat of the corn crops would be in 
the land with the preceding crop. See Chapter on Rotations. 



18. Variatioxu in ftuality and ConsequeRt Besults. 
— ^In the preceding paragraph is a list of points which 
affect the qnality of manure made in the farmyard. 

(1.) The Kmd of Animal, — ^The droppings from horses, 
cattle, sheep, and pigs have each their characteristics, 
both physically and chemically. (17). 

(2.) Age and Condition, — ^Yonng animals are fed with a 
view to increase their bone and mnscle, iand their food 
is more thoroughly consumed than full-grbwn beasts, 
which have only to keep up their condition. The 
manure from these will always be less rich than those 
of full grown animals fed with the same kind of food. 
The urine of a calf fed on milk contained, on analysis, 
1 lb. of solid matter and merely a trace of nitrogen in 
1000 lbs. ; whereas the same quantity from a full-grown 
cow contained 80 lbs. of solid matter and 8 lbs. of 
nitrogen. 

The manure from stock in poor condition is less 
rich than thai from fatteoing animals, the former 
absorbing much more nutriment from the food than do 



the latter. Cows in calf and mQch eowi are, in a manner, 
siimlar to young growing animals, the foetus and the 
milk taking np the phosphates, salts, and nitrogen. 

(8.) Quantity and Quality of Food Supplied. — Liberal 
sapplies of food will produce liberal supplies of manure 
of good quality. If an animal has no more than it 
requires to keep up its strength for working, or its 
milking qualities, the food will be so thoroughly used 
np by the system as to leave very little man^^r'?, and 
that of inferior quality. The quality will, to a still 
larger extent, depend on the natiure of the food 
supplied. 

Foods rich in nitrogenous matters will result in far 
better manure than those comparatively poor in proteine 
compounds, such as straw, turnips, potatoes, Ac. 

A large proportion of water will cause the manure 
to be very much diluted. Green foods for this reason 
cannot furnish such rich manure as the same quantity 
of dry food. 

(4.) Anuximt of lAUer and the Material Compodng it, 
— ^The composition of wheat, barley, oats, and bean 
straw not being the same, the quality of the manure 
will be thereby affected according to which of these is 
used for litter. The two latter contain more fertilizing 
substances than that of the straw of wheat or barley. 
Too much litter will impoverish the manure, but it 
should be sufficient to absorb the urine, which contains 
valuable soluble salts and more nitrogen than the solid 
excrement. 

(5.) Management during Accumulation, — ^In adclition 
to sustaining a proper degree of fermentation, the various 
supplies from the stable, the cattle sheds, the piggeries, 
the poultry house, &c., should be equally distributed 
throughout the heap. (129.) An excellent plan is 
to allow the drainings to run into a tank : they are thus 
utilised by being again poured over the heap, or taken 
to ttie fields in a liauid condition. These drainings are 
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often lost throagli want of proper precaations in seonring 
them.* 

(6.) Treatment during Fermentation. — ^Many persons 
allow the dung to accumulate under fattening animals, 
adding &esh litter as required, and theoretically the ad- 
vantages of this so-called hox dung must be obvious. The 
urine is better absorbed and retained ; the fermentation is 
regular and slow from the compact nature of the manure ; 
the ill effects of sun, heavy rains, and drying winds are 
prevented, and by the larger amount of humus formed, 
the ammonia is fixed to a greater extent than in the 
ordinary open-air conditions of the manure heap. 

The following analyses of box manure and farmyard 
manure will show the results of the two systems of 
management: — 



Box Manure. 


Farmjrard Manure. 


Water ..71*04 ner cent. 


71*00 Der cent. 


Ammonia 2*37 „ „ 

Soluble organic matters 6*42 „ 
Soluble inorganic „ '\ 
consisting of phos- U.ig 
phoric acid, potash, J^ " 
and soda J 


1-70 „ „ 


1-82 « 


•••••••••••• •* *'*■ ft f» 

2-78 *• .. 






NJB, — ^Also atrace of lime and a considerable amount of silica 

not determined. 



The following results are from manure stored up in 
covered shede and farmyard manure made under the 
ordinary conditions. Lord Einnaird, a Scotch land- 
owner and farmer, tried the following experiments : — 
Four acres of good soil were measured, two of them 
were manured with ordinary farmyard manure and two 
with an equal quantity of manure from a covered shed, 

* Analysis has shown these drainings to contain from 1 to 1| 
OS. of 6(^d f ertiUzizui: matter to every gallon of liquid. 
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The whole was planted with potatoes. The product of 
each acre was as follows : — 



Besultfl from Farmyard Manure. 


Resolta from Covered Ifanufe. 


1st acre 272 bushels 
2nd acre 292 ,, 

Totol 564 „ 


l8t acre 442 bushels 
2Dd acre 471 „ 

W8 „ 



The next year the land was sown with wheat, when 
the crop was as follows : — 



Besulta from Farmyard Manure. 


Beaulta firom Ooyered Manure. 


1st acre 41 bushels. 
Slid acre 42 « 

Total 83 n 


Ist acre 65 bushels (61 lbs. 

pur bushel. 
2nd acre 58 bushels (61 Ibe. 

per bushel.) 

113 bushels. 



The straw also yielded one-third more upon the land 
fertilized with the covered manure than upon that to 
which the ordinary manure was applied. 

19. Under what Conditions is Green Kanuring 
Desirable? — ^By green manuring is understood the 
ploughing in of green crops, such as mustard, vetches, 
green rye, rape, &c., and even common white turnips. 

This system of manuring returns to the land the 
elaborated juices and organic matter which the green 
crop contains. The effect of the decay of the vegetable 
tissues is favourable to the physical condition of the 
soil, and the various elements derived from the atmos- 
phere (12) are returned again to the land. 

The plan may be adopted on a piece of foul land, 
when the weeds and insects may be completely eradicated 
and the soil cleaned and improved in condition by 
*< ploughing in " two or three (if necessary) consecutive 
crops of green forage. White mustard, from its rapid 
growth, has been found available in this way. 
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When, however, the green crop would p:: veof greater 
value as food for stock, the practice would scarcely be 
^opted or recommended. 



CHAPTER m. 

20. The Use of Artificial Manures : How Manu- 
fiictured, and the Beasons for their Emplosrment. — 
If all the food grown on a farm were consumed by the 
stock, and the manure returned to the land, the soil 
would receive as much as, or more than, it lost, and in 
many cases increased fertility would result. But prac- 
tically certain exhausting crops, as hay, com, potatoes, 
&o.y are often sold off, and beef, milk, mutton, and wool 
almost invariably so. 

The supply of farmyard manure being limited (17), 
the annual production is unable to replace all the 
materials carried from the soil by the crops grown upon 
it. To supply this tax on the land and to supplement 
the products of the farmyard, &c., " artificials " are used. 
These portable manures have bad a revolutionary effect 
on modem cultivation — ^poor soils have become improved, 
good land brought to a state of the highest perfection, 
heavier crops, and of better quality, produced, and new 
crops introduced into the usual rotations. 

Artificial manures are those which are specially 
manufactured for a definite purpose; but under this 
term, certain substances may be included, which, strictly 
speaking, are natural manures (48), such as lime 
in its various forms, nitrates of soda, and even guano as 
originally discovered on its native rock. Waste products 
will be treated of hereafter. (S7.) 
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The principal artificial mantires in oonunon nse 
are: — 

I. Nitrogenous or Forcing Manures — 

1. Substances containing ammonia, such as 

ammoniaoal salts, Peruvian guano, am- 
moniacal Hquor from gas works, and 
soot* 

2. Substances containing nitric acid, such aii 

saltpetre. Chili saltpetre, and nitre 
ear^. 
n. Manures which contain potash (strongly forcing) 
which include potash, nitre, and some sort of 
marl. 
m. Manures containing much soda, — Chloride of 
sodium or commo|i salt, sea salt, hide salt, 
nitrate of soda, and certain minercJs. 
lY. Phosphatic Manures. — ^Bone ash, animal char- 
coal, phosphate coprolites, apatite (mineral 
superphosphate), Saldanha Bay guano, and all 
other kinds of guano, and bones. 
y. Manures containing sulphuric acids. — Green 

vitriol and sulphuric acid. 
YI. Calcareous manures^ as burnt lime, chalk, marl, 
and g3^sum. 
Another division might be made out of manures 
containing much humus, and consequently termed car- 
bonaceous manures, also of those containing much 
silica, as sand, ashes of coal, and peat, &c.; but as these 
would hardly come under the head of artificials in the 
ordinary acceptation of the word, they need not be in- 
cluded in the list. 

Ammonia receives its name from the Temple of 
Ammon in Libya, which was visited by the camels from 
whose dung the muriate of ammonia was first produced. 
Ammonia is highly volatile alkali, obtained from the 
decomposition of animal and vegetable matters contain- 
ing nibrogen. (Footnote to 12.) 
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Ammonia has a yariefy, of compounds, of whioh the 
foUowing are the most important :— 

Acetate of Ammonia, produced by the union of acetic 
acid with ammonia as its base. 

Carbonate of Ammoma^ consisting of carbonic acid and 
ammonia. 

Muriate of Ammonia. — ^A combination of muriatic 
acid and ammonia. 

Nitrate of Ammonia which is nitric acid and ammonia. 

Suliphate of Ammonia^ consisting of sulphuric acid 
combined with ammonia. 

Ammonia, nitric acid, and the other nitrogenous [am- 
moniacal] compounds when applied to plants are taken 
up in a very dilute state by their roots and help to form 
the nitrogenous part of their substance, viz., albumen, 
gluten, and caseine (11). 

StUphate of Ammonia is made from the waste liquor 
of gas works by treating it with sulphuric acid in 
sufficient quantities to combine with the ammonia, after 
which the sulphate of ammonia is precipitated in the 
form of crystals more or less discoloured by impurities. 

Soot contains lime and sulphate of ammonia, and to 
its latter property its value as a manure is principally 
due. The value of sulphate of ammonia depends on 
the percentage of ammonia which it contains. It is 
combined with other fertilizers in the manufacture of 
artificial manures, and as a nitrogenous manure exerts 
an influence as important as that of Peruvian guano. 

Potash is a saline matter or alkaline salt obtained by 
boiling the ashes of wood with water and afterwards 
boiling the liquid to dr3mess. Large quantities are used 
in soap and bleaching, works. 

Being an important element in all fertile soils, and 
largely taken up by certain crops, such as wheat, beans, 
turnips, clover, &c., it is a matter of necessity that potash 
should be present in the soil in sufficient quantities. 

It enters largely into the composition of potatoes, hops. 
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and vetches. Dr. Playfair esiimaies an acre of wheat to 
extract from the soil upwards of 25 lbs. in the com and 
straw; an acre of clover 62 lbs.; of beans 111 lbs.; and 
of tnmips, including their tops, no less than 200 lbs. 

Formerly potash commanded a very high price, but in 
1859 an abundant source of crude potash salts was dis- 
covered in Strassfurt, in Prussia, which has so much 
reduced its commercial value that it can now be bought 
at £4 per ton. 

Some miners engaged by the Ducal Gbvemment, after 
dnking to a depth of 1,150 feet came upon an inexhaus- 
tible bed of rock salt, extremely rich in potash salts. 
From this supply the manure known as Eainite is manu- 
factured, and largely sold as a source of potash forman- 
urial purposes. Eainite usually contains potash salts as 
a vulphate to the extent of about 25 per cent., but has not 
in its manurial action realized general expectations. 

Nitrates in chemistry are salts formed of nitric acid (of 
which nitrogen is the foundation*) and a base, and tne 
formation of the compounds is continually going on in 
nature, more especially in warm countries and in 
particular localities. 

The nitrate of potash is found in gveat quantities in 
the soil in some parts of India, and nitrate of soda in 
Peru. In these cases the salts are obtained by lixiviat- 
ing (washing) the soil aad crystallizing the clear solution 
by evaiporation. 

Nitrate of potash is a very powerful manure, but com- 
mands a high price, being used in the manufacture of 
gunpowder. 

8oda is obtained from common salt which is composed 
of chlorine and sodium. The chief source of supply is 
from salt mines and sea water, though sea salt is un- 
usually disposed to become moist. Soda being found in all 



* 14 Ibe of nitcogen and 40 lbs of oxygen form 54 lbs of nitric 
add. 
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good fioils and also taken trp by plants, its nse will depend 
on the proportion the demand bears to the supply. Lands 
situated near the sea are supplied by the sea breezes, 
considerable quantities being carried inland in this way 
as far even as forty miles. 

NUrate of Soda occurs in Peru in large beds, sometimes 
7 or 8 feet thick. Being in one of the few '* rainless 
districts " of the earth, this and the guano found there 
are preserved from solution by the extremely arid 
nature of the country. Nitrate of soda is extremely 
rapid in its action and very soluble, and should in con- 
sequence be applied at the seasone when active vegetation 
commences. Its effects resemble that of all nitrogenous 
manures, and are speedily apparent in the darker foliage 
and general luxuriance of growth noticed shortly after 
its application. It is largely employed for manufacturing 
purposes, and this helps to keep up the price, which 
ranges from £13 to £16 per ton. To the cereals, Italian 
rye grass, pastures and meadow land, nitrate is usually 
applied in small quantites and at intervals as a top- 
dressing. Oonmion salt or superphosphate of lime 
applied at the same time is attended wiili considerable 
advantage to the crop. Nitrate of soda should be kept 
from contact with seed when used for manure for roots, 
as it is apt to injure the vitality of the seeds. From 
1 to 1^ cwts. per acre is abundantly sufficient and in 
Norfolk has been found to increase the com crop from 
7 to 8 bushels per acre. 

A phosphate is a salt formed from phosphoric acid and 
a base. By far the most important form of phosphatic 
manure is tiiat of phosphate of lime. Bone phosphate 
is derived from dissolved bones (table to 22), but is now 
most difficult to obtain in its pure and unsophisticated 
form. 

Mineral phosphate or apatite, a white earthy substance, 
is now commonly used as a source of phosphoric acid^ 
and acheapandefficient substitute for bone. Onrsupplies 
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are derived from Welsh phosphatic limest(me, French, 
German, and American phosphates, and from Canadian, 
Spanish, andPortngnesephosphorities (native phosphate 
of lime). Phosphatic deposits are also fonnd in some 
of the islands in the West Indian and Caribbean Seas 
— Sombrero, Navassa, Aruba and St Martin, and known 
as Sombrero rock phosphate and Navassa West (so called) 
gnano. 

Bone phosphate is made by dissolving bones in 
salphoric acid. A large number of minerals containing 
insoluble phosphates are similarly treated, and become 
changed to soluble substances known as mineral super- 
phosphates. 

A common source of supply is afforded in what are 
known as *' coprolites," which are supposed to be the 
fossil dang of extinct animalfl — ^fishes and reptiles — 
occurring abundantly in the has and coal formations. 

« Coprolite diggings," are worked in Cambridge, Beds, 
Bucks, Norfolk and Suffolk. Russia and France also 
export mineral nodules of a similar kind for the same 
purpose. Yarious fossils are now practically included 
under the name of coprolites, as their composition 
embraces several substances valuable to the manufac- 
turer. About one-half or one-third of their weight of 
sulphuric acid, which is very powerfiil, is necessary 
in the manufacture of mineral superphosphates from 
these various phosphatic matters, and llie quality of the 
manure will vary according to the source from which 
they are derived, and the amount of acid used in dissolving 
the crude material. 

** Reduced phosphates ** are those in which some of the 
matters rendered soluble by the action of tne acid have 
gone back again to their original insoluble or difficultly 
soluble condition. The agricultural value of the phos- 
phate so precipitated is but little, if at all inferior 
to soluble phosphate itself, and is probably of a similar 
character to that which the soluble phosphate assumes 
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after rexnaming a short time in the soil. Dr. Morfit 
remarks : — *^ II there be any carbonate of lime« 
alnmina, oxide of iron, or powdered mineral phosphates 
mixed with the ordinary soluble phosphate, part of 
it is apt to become insoluble, even in the bags." 
Such reduced phosphates are slower but more lasting 
in their action, and will be again brought to their 
original soluble condition by time and favourable cir- 
cumstances. 

Guanos vary in their properties to a very important 
extent, some being valuable from their high percentage 
of ammonia, and othevs, such as Saldanha Bay guano, 
containing as much as 60 or 60 per cent, of phosphate of 
lime and only 4 or 5 per cent, of ammonia. The various 
kinds should be used according to their composition as 
sources of either phosphates or ammonia, or as combina- 
tions of both. 

Manures containing stUphuric add are used also as 
fixers of ammonia, such as gypsum, sulphuric acid itself, 
and green vitriol. 

Calcareous Manures — Chalk, marl, and the various 
forms of lime are treated of in Chapter IV. 

21. Conditions regulating the use of Artificial 
Manures. — ^The particular hind of artificial manure to be 
used on any piece of land, the qu^antity used, and its 
chemical condition as to solubility, &c., will be regulated 
more or less by the following points : — 

r. The amount and quality of farm manure avail- 
able. 
2. Its general state of fertility, whether requiring 

manure in bulk or only a stimulant. 
8. Its situation as to distance and accessibility with 
respect to hauling bulky manures. 

4. The position it occupies in the rotation observed 

on the farm. 

5. The physical condition of the land, whether 

" heavy " or " light." 



6. The kind of crop to be taken, and the nse to 
be made of it, whether to be carted off, fed off, 
or used as a green manure. 
7* The condition of the land with respect to free- 
dom from weeds, coach grass, &c., and the 
time of the year in which the *^ artificials '' 
are to be applied. 
22. Bones as a Manure, and how they are most 
Economically Employed. — ^The first step towards the nse 
of artificial manure was the use of bones — ^a practice which 
dates from the commencement of the present century. 

The composition of bone varies according to the age and 
character of the animal, generally containing less earthy 
matter when the animal is young, and increasing in 
quantity as it grows older. In adult animals the earthy 
matter does not vary to any large extent, being about 
67 per cent, in thoroughly dry bone, the other 88 per 
cent, being the organic part. The mineral constituents 
present phosphorus, lime, magnesia, and soda ; the or- 
ganic portion yields sulphur, carbonic acid, and ammonia. 
The organic and mineral matters in bones* are only 
slightly soluble, so that their action extends over a long 
period. 

The following table gives the composition of ravo 
bone: — 



Phosphate of lime 48*95 

Lime 2'67 

Water, sulphuric acid, \ Q.Qg 

Magnesia, and silica J ' 

Organic matter (gelatine, &c.) 39*13 

100-00 



Bones were first used as ** half-inch bone ; " then as 
»* bone dust." They were soon found to be more soluble 
by being fermented, which was done by moistening them 
with water and covering them up with fine "earth or saw- 
dust. These improvements were in constant use till 
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l840, when Professor Liebig introduced the use of sul- 
phuric acid for rendering bones iimnediately soluble in 
water, and by this plan he practically succeeded in doing 
at once more than the carbonic acid of the air and soil 
accomplished in a year, and the manure thus rendered 
soluble soon came into use under the name of bone 
phosphate. 

Boiled bones, deprived of their organic part, are 
usually used, also bone ash and animal charcoal, as 
these contain &om 70 to 80 per cent, of phosphates. 

Phosphate of lime exists in three forms, usually known 
as tricalcic, bicalcic, and monocalcic, and as in each case 
there are three equivalents of base, phosphate of lime is 
often spoken of as a tribasic phosphate. 

The phosphate of bone is the tricalcic phosphate, and 
this, when treated with sulphuric acid, becomes a super- 
phosphate of lime, ue,f the phosphoric acid before com- 
bined with three equivalents of lime is found to be 
concentrated upon one equivalent of lime, which thus 
becomes mpercharged with phosphoric acid or super- 
phosphated. 

From this it will be evident that superphosphates 
contain sometimes not more than a quarter of their 
weight of monocalcic or active phosphate. The action 
of .bones thus treated is greatly accelerated; and so much 
is this the case that it is occasionsdly found to produce 
vegetation of an unhealthy character, through being, as 
it were, over-manufactured. With this exception, in 
whatever form bone may be used, whether boiled, burnt, 
or raw, rough, crushed and sifted to sizes, decomposed 
by acids in compost, or by itself fermented with water 
or liquid manure, or partially decomposed with lime, 
ashes, earth or animal substances, it has the capacity to 
furnish a large proportion of the organic part of our 
farm crops, improving the physical condition of the soil 
and imparting a perceptibly healthy character to vegeta- 
tion by its action. 
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Of all these varioos fonns the half -inch bones are 
slowest and most durable. These are best employed on 
light loams and well drained lands, where they form a 
pennanent improvement. In the growth of tnmips, 
and on pastures and sheep lands, deprived of the 
phosphoric acid by the production of meat, wool, and 
milk, they have been implied with great benefit and 
profit. 

By its application the immense breadths of inferior 
uplands, the numerous tracts of calcareous and sandy 
heaths, desolate wastes, and gorse lands have been trans- 
formed into noble turnip fields, and profitable districts, 
thus abundantly testifying to its ability as a fertilizer 
and to its specific results. Its value is further aug- 
mented by its portability and certainty of action, well 
kept in hand by the varying amount of solubility possible 
in its manufactare. 



CHAPTEBIV. 

83. lime. Marl, Chalk, as Kannres. — 1mm is added 
to the soil in combination with phosphoric acid and 
sulphuric acid, in the form of phosphateiB and sulphate of 
lime, but these are used prinoipaUy for the acids they 
contein. 

As a manure in itself, however, the carbonate of lime 
is the form in which it is usually applied to the land. 
In a natural state lime is found in l^e form of chalk, 
marl, limestone, and shell sand. 

From limestone quick or caustic lime is produced by 
burning, and slaked or slakediime, when tlus is reduced 
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to powder by the application of water. The bnming 
causes the water and carbonic acid to fly off, leaving it 
in a highly porons state and with a metallic ring. The 
slaldng causes the water to be re-absorbed, whereby a 
new product, hydrate of lime, is formed, and this, when 
the carbonic acid of the air enters into combination with 
it, is changed into carbonate of lime and loses it caustic 
character. 

Marl is a mixture of lime (in the form of carbonate)^ 
clay, and siliceous substances, all of which act benefi- 
cially when applied to the land. 

The composition of marls is very varied, the lime 
ranging from 8 to 80 or 90 per cent, of its substance. 

They have been classified, according to their compo- 
sition, as '^true marU,^* containing much lime, and ^*clay 
marU,** in which clay predominates. The former are 
used as a substitute for lime on heavy soils, and the latter 
generally applied to light lands or lands deficient in 
soluble alkalme salts, •where its potash and other salts 
supply the defects. Their physical effect is exercised 
in altering the condition of soils to which they are applied, 
and their chemical effect in adding direct nourislunent 
and producing larger crops. 

Clwlk may be described as a soft and very pure variety 
of limestone; it is a carbonate of lime, and when 
examined under the microscope is seen to be mainly 
composed of minute shells, but its composition varies 
very much in different localities. As a manure, chalk 
is a great improver of both clay and sandy soils, so that 
the plastic clay which overlies it, and the green sand 
beneath it, are precisely the soils calculated to derive 
the greatest benefit from its application both physically 
and chemically. It is usually applied at the rate of 20 
tons to the acre, and its effects are considered to be of 
greater duration than that of lime. 
^ 24. Action of lime as a Fertilizer. — ^The action of 
lime may be thus summarised — 
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1. In its eanstio condition as a hydrate of lime: — 
(a) Its rapidity acts on the organic matter in the 
soil by promoting decompositions which con- 
vert nitrogen into available ammonia. 
{b) It neutralizes and renders harmless the organic 
acids existing in what is known as ** soar " 
land, a process which sweetens and improves 
the quality of the herbage. 

(c) It favours the formation of nitrate of potash or 

saltpetre in the soil. 

(d) It decomposes the silicates of the inorganic part 

of the soil, setting free their alkalies (potash 
and soda), and thus changes dormant ingre- 
dients to others of an active character. 

(e) It promotes the formation of the double silicates. 
8. Li its milder form as a carbonate of lime : — 



{d\ It contributes a supply of lime as plant food. 

ib) It neutralizes organic acids. 
c) It exerts a powerful mechanical e£Eect on sandy 
soils by imparting a certain amount of 
tenacity ; on heavy soils, by opening up and 
dividing their pores; and on peat soils by 
breaking down tiieir vegetable fibrous tissues. 
26. Control of its Causticity according to required 
Besults. — ^Although lime, when its caustic properties are 
gone, loses much of its energy, it has still — ^as a carbonate 
of lime — ^the power of assisting the fertility of the soil to 
a very important extent. It should, however, be a matter 
of care and attention to apply the lime in a caustic state, 
80 that the land may have the full benefit of its action. 
To secure this the lime should be slaked in heaps, and 
then closely covered with a coating of earth, which should 
remain till it is spread on the land, already ploughed, 
and then harrowed in at once^ before the carbonic acid 
of the air combines with it and robs it of part of its 
power. Harrowing is preferable to ploughing it in, as 
its known tendency to sink in the soil ^mUl make it dis- 
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appear fast enough. The application of lime vntt 
develope the powers of the soil, hy preparing its organic 
constituents for the crop ; but this process continued will 
soon induce exhaustion of the land unless accompanied 
by liberal supplies of farmyard manure. These should 
not be applied at one and the same time; the safe plan is 
to plough the manure in first, and use the lime afber, so 
that the liberated products may be secured by the soil 
instead of being dissipated and lost. 

In compost heaps lune forms an important and neces- 
sary element. These may be described as accumulations 
of fertilizing materials mixed with about 15 or 20 per 
cent, of lime. The combined influence of these ingredients, 
if the mixture be judiciously blended, should exceed the 
sum of their fertilizing effects if -used separately, both by 
increasing the chemical, properties of the elements, and 
also their physical properties in the mass. 

The usual constituents are such as are found on all 
farms in more or less abundance — ^hedge-clippings, roots, 
and fallen leaves; weeds, couch grass, sods, and turf; 
hedge parings, ditch scourings, and road scrapings; 
together with blood, and other animal remains, mixed 
with whatever comes to hand in the way of ashes, soot, 
soap suds, and household waste of all descriptions, all 
of which are best preserved, prepared, and most evenly 
applied in the form of compost. 

Beference has been made to the action of caustic 
lime in forming nitrate of potash in the soil. 

As far back as 1775 a prize was offered by the 
French Government for the best method of producing 
saltpetre in that country for the purpose of making 
gunpowder. This prize was won the next year by a 
Mons. Thouvencl. The plan he adopted was to make 
a compost of earth and nitrogenous matters, either sheep 
manure or decaying animal or vegetable remains. After 
a time marl or chalk was introduced, and the resulting 
decomposition produced nitrate of potash, which was 
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afterwards washed out by water and secured by evapo- 
ration. The compost was made in small heaps and 
protected from Uie rain. Canstic lime, when used 
instead of marl or chalk, separated part of the potash 
in the soil itself. 

From this it is perfectly fair to assume that farmyard 
manure in the soil, under the action of caustic lime — ^by 
securing the necessary conditions, nitrogenous matters, 
earth and lime — will produce nitrate of potash, similar 
in a degree to these specially prepared ** nitre beds." 

Double Silicates, — Silica or siliceous acid forms a very 
important item in the composition of soils, especially 
in those of clay. 

It has already been noticed (8) as associated with 
alumina, as silicate of alumina, and forming with lime, 
soda, potash, and ammonia the valuable compounds 
known as the double silicates. 

The presence of lime appears to be absolutely necessary 
to commence this chemical change. It replaces in the 
silicate of alumina part of its alumina and forms the first 
and least valuable of the double silicates, viz., silicate 
of alumina and lime. 

This step once complete, however, the formation of 
the other and more valuable double silicates follow 
in due course — soda will replace the lime, potash will 
replace the soda, and the presence of ammonia will 
cause even the potash to lose its position, and, by 
taking its place, form the most valuable of all the 
double silicates, viz., silicate of alumina and ammonia. 
The chief difficulty appears to consist in the estab- 
lishment of the first step in the soil, and as this is 
doubtless due to the energy of caustic lime, its supreme 
importance will be admitted. 

When slaked with water containing salt, the chemical 
action of caustic lime on silicate of alumina appears to 
be considerably augmented with respect to the forma- 
tion of these double silicates. 
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26. Aotion of the several Phosphates of lime as 
Fertilisers. — ^Phosphates are combinations of phosphoric 
acid with a base, such as lime, potash, soda, magnesia^ 
&c. Of these, phosphate of lime is by far the most 
important. Phosphorus itself occurs in a state of 
organic combination in blood, flesh, milk, and brains, 
and also in other animal matters ; in bones, phosphate 
of lime forms very nearly one-half of their substance. 

Phosphate of lime also enters largely into the compo- 
sition of all our cultivated crops, especially in the cereals. 
Such a universal requirement, as might be expected, 
forms a part, but only a small part,''' of all fertile soils, 
but continuous calls upon it, both for animal and vege- 
table supplies, make its application in the form of manure 
a matter of necessity under high-class cultivation, and 
hence the great esteem in which the phosphates are 
held and the immense advantages arising from their use. 

27. Conditions rendering their use so generally 
neeessary. — The fertility of the soil depends on the 
presence of aU the substances required by plants, and the 
measure of its fertiUty depends on that particular in- 
gredient present in the least proportion. As, therefore, 
phosphates are in such general demand to build up both 
vegetable and animal structures, and as in the former the 
cereals are to such a large extent sold off the farm, and 
in the case of the latter almost invariably so, the fact is 
patent that the abstracted materials must be artificially 
and systematically returned if fertility is to be permanent. 
Twenty-five or thirty gallons of milk will contain about 
1 lb. of phosphate of lime, and the demands on the land 
for this substance will be about 80 lbs. per annum for each 
cow on the farm. No wonder then, thatj the use of 
phosphates, has become a settled and highly remunera- 
tive practice. 



* In our richest soils pliosphoiic acid barely forms 8 oz. out of 
eveiy 100 lbs. of soil 
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28. Control of fheir Soluble Conditions.— Phos- 
phates are mannfactured with various degrees of 
solubility. As before mentioned, the phosphate of 
lime contained in bone in its natural state is known as 
the tricalcic, that is, it contains three equivalents of 
lime or base to one of phosphoric acid. 

If applied to the land in this condition the carbonic 
acid of the rain water, and also that produced in the 
soil, will bring about a change in its composition by re- 
placing one equivalent of lime, and this bicalcic phosphate 
thus formed being slowly soluble in water becomes taken 
up into the circulation of plants. 

In the early stages of the use of bones, farmers used 
to reduce them to a fine condition by grinding, and this 
''bone dust" as it was called, was very rapid in its 
action. 

The next step in advance was to ''ferment" them. 
Half-inch bones were arranged in aheap, moistened with 
water and covered up with earth or sawdust. In a few 
weeks the heating or fermentation they had undergone 
had softened them, and they were sooner broken down and 
rendered capable of supplying their store of phosphate 
of lime to the plant. Another improvement was soon 
discovered, for in 1840, Professor Liebig made known 
to the agricultural world that the use of sulphuric acid 
— ^which is very powerful — would render them soluble nt 
once^ and from that time the solubility of bone was secured 
before putting it into the land, and the phosphoric acid 
being precipitated into one equivalent of lime, it became 
changed to a monocalcic phosphate and known as supef- 
phosphate. 

The use of this manure in actua practice has shown 
that it is in fact too soluble^ producing sometimes 
vegetation of an unhealthy character. The admixture 
of lime, if it is already deficient in the soil, would often 
remedy this injurious action by bringing it back to 
the bicalcic or more slowly soluble condition, Finely 

n 
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powdered bone is sometimes used for the same pnrposey 
and greatly adds to the ** staying " properties of the 
manure, so also will the alkaline properties contained 
in ashes. 

29. How to Avoid fheir Waste in the Soil.— 
(a) By applying them in such a state of solubility that 
they shall not be washed out of the soil before made 
use of by vegetaion. This may be effected by " mixing," 
so that soluble and difficultly soluble portions may be 
applied for present and future use. 

(b) By applying them where they are wanted, ».«., 
where the soil is deficient in this respect. 

(c) By applying them only to such soils as can utilise 
them and prevent them from being washed away by rains 
or suffer such changes as may render them ineffective 
before the plauts can take them up. 

30. On what Soils most economically used. — ^Phos- 
phates may be used with advantage on light loams, 
well-drained lands,^ hill pastures, pastures for dairy 
purposes, and grass lands where young stock is reared. 

Bones are sometimes powdered and mixed with water 
for application by means of a water drill. This in 
found to be beneficial on slowly-acting stiff soils, but 
where the soil is light, open, gravelly, and quick in 
action, phosphates are better applied in the usual dry 
condition. 

31. Their Action on Seeds and young Plants. — 
All seeds contain a certain amount of starch, gluten, 
and oil, and all plants depend on the seed for their 
nourishment in the earlier stages of their growth. 

During the process of germination the gluten is brought 
into solution by oxygen, and this forms diastase, which 
changes the starch of the seed into dextrine or grape 
sugar and finally into cellulose. Cellulose forms organ- 
ised cells, and these give rise to the first little shoot. 

Phosphatio manures are supposed to facilitate the 
movements of albumen in the plant ; to assist in the 
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elaboration of the oily parts, and also in the changes 
allnded to above by stimcdating the processes ; and hence 
phosphates have been termed grain or seed-forcing 
manures. 

It mnst, however, be confessed that the precise mode 
of action is as yet imperfectly known, as the subject has 
not yet received thorough investigation. 

82. Special Action of Hitrates and Ammoniaoal 
Xannres upon Com Crops, Boots, and Grass. — ^Am* 
monia, nitric acid, and other nitrogenous compounds, 
when applied to plants, are taken up in a very dilute state 
by their roots, and help to form the nitrogenous part of 
their substance, viz., albumen, gluten, and casein. (11.) 

These manures also have a rapid and stimulating effect, 
which is manifested in a very few days aft^ their 
application by the dark colour and heal&y look of the 
crops. 

33. Means of Contrcdling the Soluble Condition of 
Ammoniaoal Manures. — This might be done by taking 
advanti^e of the absorbing properties of peat, loam, &c., 
in retaining ammoniaoal compounds, and also by mixing 
ammoniaoal manures with o&er substances. 

34. Conditions under which Hitrates can and 
cannot be substituted for Ammoniaoal Manures. — 
According to Professor Church, whom the author has 
consulted, ** these points are not yet wholly worked out, 
but nitrates can only be used when there is growing 
vegetation to use them, that is, in the spring. If used 
in the autumn or winter they would be washed out 
of the soil, while ammoniaoal salts would be retained in 
part." 

35. The Special Action of Salt when used alone or 
in combination .with oth«r Manures. — Salt supplies the 
necessary element of soda to the soil, and has long been 
employed as a manure. 

It is specially useful for mangel-wurzel and wheat, 
while beans, onions, and cabbages do well with liberal 
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snpplies. 5 cwts. per acre is a heavy dressing, especially 
of sea salt, which is often of service on warm, dry soils, 
and on the herbage of coarse pasture lands, but cold clays 
derive the least benefit £rom its application. It may be 
applied to inland soils and on those sheltered by hills 
and high lands from the winds that pass over the sea. 

Salt is sometimes mixed with farmyard and compost 
manure, and when used with the water in slaking quick 
lime for the land, is said to favour the formation of 
the double silicates. Its property of checking plant 
growth is its most important influence. It shortens 
and strengthens the straw of com, when used on crops 
which are too luxuriant, and by thus giving the plant 
time to elaborate and bring up the necessary mineral 
supplies, the crop of com is increased. Combined with 
nitrate of soda, it neutralizes its rapid action and secures 
its more unifom distribution by increasing the bulk, 
and better results are produced. Hide salt, or the salt 
nsed in preserving hides during the voyage from South 
America and other parts, possesses very valuable animal 
impurities, which increase its powers as a fertilizing 
agent. 

36. Manufacturing Wastes valuable as Manure. — 
These are exceedingly numerous, and some of them 
very powerful in effect, being concentrated in character, 
and furnishing valuable and constant supplies of am« 
monia during decomposition. Manufactui*ing wastes 
may conveniently be divided into animal, vegetable, 
and mineral substances, of which the former are most 
valuable, the vegetable matters most numerous and 
abundant, and the latter of least utility. 

(I.) Aniinal Waste Matters, — Be/use from SlatighteT' 
houses* — Blood and fle'sh contain the elements of 
ammonia, as well as many valuable mineral ingredients 
necessary to fertility. They are also dried and used in 
a powdered state mixed with other manures, as in the 
" nitro-phosphate," or blood manure. 
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WoBteafrcm Sugar Eefineriea. — ^These consist of animal 
charcoal (bones burnt in iron retorts), blood, and some 
lime. They are used (1) to remove the colour from raw 
sugar ; (2) to clarify the liquor, and (8) to destroy the 
acidity in the sugar. 

WooUen Waste. — ^Wool itself is very nearly all animal 
matter, having only two per cent, of ash. ** Shoddy *' is 
the short ends and refuse of the wool obtained during 
the process of manufacture. ** Groppings " are the ends 
of the wool cut off the surface of the cloth. ** Sweepings " 
are the short dust separated in the process of manu- 
facture and mixed with other accidental matters. 
« Singeing [dust " is made by stuff goods being passed 
quickly over a red-hot cylinder in order to bum off all 
superfluous filaments. 

Woollen ragSf in effect, are similar to woollen waste, 
except that it is apt to be somewhat slower in its 
action. 

Horn shavingSf hair and sMnfragments, owe their value 
to the nitrogen they contain, but hair and wool also 
contain 6 per cent, of sulphur. They impart permanent 
fertility, but as they are so slow in decomposition they 
should be applied at least six months before the sowing 
of the crop they are intended to benefit. 

Fish refuse in some localities is so abundant as to be 
had for little or no cost, and should then be secured as 
a manure. Its action is almost identical with that of 
flesh, with the important addition of phosphoric acid. 
Fish bones, too, are rich in potash. Guano itself 
is merely digested fish — ^the dung of fish-feeding 
birds. 

Attempts have been made to convert fish offal into a 
dry substance for manure called " fish-guano," but with 
oxdy partial success. 

(j2.) Vegetable Waste Matters, — Soap waste comprises a 
varied of elements, some of which are of animal origin 
as weU— iiftt and animal matters being in solution in &e 
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waste liquid together with potadiee, lime, and other 
saline ingredients of plants. 

TanTien' bark, though generally negleeted as a manure, 
heing the prodnct of vegetation, will nndonbtedly form 
a plant food. It is best in the form of compost with 
lime and earth, or with Uqmd or solid farmyard mmx^ 
Being principally composed of carbonate of lime and 
silica, substances occurring almost everywhere, it is but 
little valued. 

Sawdust is useful to forma vehicle for taking up liquids, 
but in itself its composition possesses but little value as 
a manure. Mixed with dilute sulphuric acid it is one 
of the best materials for fibbing ammonia in stables. 

Malt refuse consists of the detached shoots of the 
germinated barley grain which are separated in the 
process of malting. Analysis shows it to be particularly 
rich in nitrogen, while its ash contains more than 60 per 
cent, of phosphoric acid and alkalies. It is generally 
applied as a top-dressing, and is particularly effective 
on grass land. 

Oil'Cake is sometimes used as a manure, and rape cake 
in particular, which is not much liked by cattle. It 
contains 4 or 5 per cent, of nitrogen, and is rich in 
phosphoric acid. When in a fine condition it readily 
enters into putrefaction — ^much more so than bone dust 
— ^producing an almost immediate effect. 

Sea-weed in compost is in general use where it is easily . 
obtained. It is the general fertilizer for potatoes in the 
Hebrides, and is also used in places along the coast of 
England, Wales, and Scotland. 

It is peculiarly rich in potash, soda, lime, &c., and is 
nsed in its green state as a top dressing, being quick in 
decomposition. Two and a half tons are considered as 
equal to one load of farm manure. 

Ashes, as the inorganic part of vegetables, areof use as 
fertilizers by affording these constituents to future 
crops; still it is not Mvisable to oonsome the organic 



part of fttiy planl to iopply otheri irith inoxgudo 
xnatteM. Without inoQiring this waste we have ashes 
as the remains of peat, coal, wood, and sea-weed. 

(3,) Mineral Waste Matter, — Oas waste consists of am- 
moniacal Uquor which furnishes sulphate and muriate oi 
ammonia ; gas Ume which on exposure to the air becomes 
sulphate of lime, or gypsum, but should never be applied 
in its fresh state on account of its sulphur ; and gas tar^ 
which might furnish carbonic acid, but is now put to a 
much more valuable purpose in the manufacture of 
perfumes, &o., and various dyes. 

Bedonda Island Phosphate of Alumina 3rields impure 
phosphoric acid, which is manufactured into artificial 
manures. It is a by-product in the manufacture ol 
alum. This and other crude alumina phosphates are 
used, too, in clarifying or precipitating town sewage. 

37. Adulteration of Mwure. — ArtMcial manures are 
perhaps more liable to adulteration than any other article. 
So much is this the case that the services of the chemist 
are in general request to protect the farmer from the 
frauds of dishonest dealers and manufacturers of manures. 
The practice of selling ^'special" and * 'prepared " manures 
gives great latitude to the unprincipled dealer, and creates 
a prejudice against what may be, and indeed often is, a 
genmne article offered at a fair price. 

Cfuano is adulterated by mixing with yellow pow- 
dered clay, gypsum, ground bones, chalk, common salt, 
sand, powdered coprolites, &c. Its colour should be 
buff or brown, according to the amount of moisture, 
which ought not to exceed 15 per cent. It should have 
a characteristic but not offensive smell of ammonia, 
and when burnt should leave a white ash about one-third 
of its original weight, which should dissolve almost 
entirely ^d without effervescence in hydrochloric acid. 
If it does not dissolve it is very likely adulterated with 
sand ; if it effervesces it is probably mixed with chalk. 

A bushel of guano should not weigh more than 66 or 
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60 lbs., and should contain not more than 2 per cent, of 
sand. A good sample of Peravion Gnano, with the 
exception of the sand and moistnre referred to, contains 
nothing which is not of great utility to vegetation, and 
is fairly classed as a general manure. 

Bones in a large state are difficult to adulterate. Bone 
dust is sometimes mixed with powdered oyster shells, 
the mother-of-pearl of which may sometimes be<detected 
with a lens. Sand, chalk, salt, and gypsum are also added 
to increase the bulk. Burnt bones, having lost all their 
organic part, should experience nofdrther loss on heating. 
As arule, bone manure isnowprofessedly mixed with pow- 
dered coprolites and other phosphatic substances, form- 
ing valuable combinations which are sometimes advan- 
tageously applied to the land in cox^unction with guano. 

Ammoniacal saUs^ being in many cases the residual 
product of some manufacture, are seldom sold in a state 
of purity. The greater the amount of impurities they 
contain, however, the less valuable must they be in 
a given weight, for any application where ammonia 
is tiie agent sought for. 

Sulphate of ammonia being the cheapest ammoniacal 
salt, is in most common use. Its qualities may generally 
be judged of by its dry and uniformly crystalline appear- 
ance. If a small quantity be carefully heated over a 
clear fire, it should volatilize, and leave only a trifling, 
if any residue. Common salt and sulphate of soda are 
the usual impurities. *" 

The Nitrates of Potash and Soda when sold for agricul- 
tural purposes are seldom quite pure, but in examining 
them to detect adulterations the latitude allowed should 
not be great. 

Pure specimens should produce scintillations when 
thrown on hot coals; they should dissolve without 
residue in water, and when treated with chloride of 
baruim and nitrate of silver the solution should give no 
precipitate. 
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Obmmon salt is ibe most common impurity, an^ 
snlphate of soda occasionally added. 

Of all the substances used for purposes of adulter- 
ation, ordinary water is most frequently used. The large 
proportion of water which some substances are capable 
of contaming, chemically combined or mechanically 
attached, increases the weight of a manure, and to 
that extent depreciates its active value. By weighing 
a certain quantity of the substance, and drying it on a 
plate, near the fire, or over a pan of boiling water, 
the diminution in weight will give the quantity of 
water which has been driven off. It should be remem- 
bered, however, that some manures absorb water from 
the abnosphere, and so contain ultimately much .more 
moisture Uian when they were turned out of the hands 
of the manufacturer. 
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88. Oomblnation of Manures of Different Ohaxao- 
ters, so as to Establish an Equilibrium of Action. — 
Although the substances which form the bulk of all 
plants are comparatively few in number, almost every 
plant contains some one or more peculiar to itself. 
Certain important changes, too, take place during the 
growth and development of plants, necessitating a con- 
stant supply of nourishment through the entire period. 
It follows, IJierefore, that a highly concentrated soluble 
manure may become exhausted and cease to afford 
supplies, and that perhaps at a critical period of plant 
life. To guard against this, manures are manufactured 
containing elements not too readily soluble, or else a 
combination is used cdoulated to hold out a supply till 
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theoropiflfolhrxnattixed. ^'Bedaoedflapeiphoi^haiag^ 
are most nsend in this way; finely powdered bone ia 
mixed with saperphosphates to retard their action, by 
reducing them to a slowly soluble form ; half-inch bone, 
woollen rags, and long dung, from their slow action, also 
yield suppHes long after the effects of ammoniacal salts, 
potash, nitrates, and " prepared guano " are exhausted. 
Attention is also paid in judicious manuring to the 
specific qualities of the various ingredients applied, so 
that ammonia and phosphates, potash, soda, &c., may 
be duly provided to meet the various requirements of 
the intended crop. 

39. Proper limes (tf Application. — ^Nitrates should 
be used omy when there is grooving vegetation to utilise 
them — i.e.f in the spring. If used in autumn or winter 
they would be washed out of the soil, but ammoniacal 
salts would be retained in part. As a general rule, 
phosphates and phosphatic guanos, bone dust, bone 
earth, and powdered oil-cake, are used to assist and 
encourage ihe germination of the seed, other manures 
being more for the purpose of supplying materials for 
growth at a later penod, and may be used at any period 
of the year. 

40. Favourable and TTnfiaTOfuraUe Aotion iqMin 
Different Stages of Growth. — ^Manures of powerM 
concentrated action should be carefully kept from actual 
contact with germinating seeds, or the process of ger- 
mination may be checked or stopped altogether. At 
the same time, seeds require nourishment at a very 
early stage of their growth, as the nutriment in the 
seed, especially in the case of small seeds, soon becomes 
exhausted, and they have then to fall back on the soil 
for their support, which should contain a store in a 
condition readily available. 

41. Desirability of Providing Proper Supply for 
Pinal Stages of Growth, — The various- chemical 
changes occurring during the several stages of growth 
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in our enltivated plants are only complete when the crop 
is fnlly matured. A necessity therefore exists for a 
continuous supply of plant food up to the full period 
of ripening* and a failure here should consequently be 
carefully guarded against by arranging for the prolonged 
action of the manure. 

42. Proper Belation betveen Hatural and Artificial 
Manures, when Substitates and when Supplementary. 
— ^Artificial manures are manurial substances prepared 
or manufactured for application to the land, where it 
is found that certain essentials to fertility are either 
deficient in supply or entirely wanting. 

Natural mauures, on the other hand, are productions 
of nature applied by man for the same purpoisie, although 
lime, the most important, possesses other highly im- 
portant functions, which are further augmented by 
burning. Others are nitrate of potash, nitrate of soda, 
and green manures, the latter exercising also important 
mechanical effects on the land. 

Any «p^a^ requirement may be supplied by artificials, 
and their portability renders them useful in outlying 
districts where bulkier manures could not be cs^d 
without great expense. As supplementary manures they 
may be used as stimulanU both to the germinating seed 
and also at more advanced stages of the crop. 

43. General Principles Begulating the Selection 
of Manures. — One of Qae most important objects* in the 
use of manures is to supply the materials abstracted 
from soils by the removid of the crops which have 
grown upon them. 

The condition and constituents of the soil to be 
cropped should also be understood ; and with these points 
in mind a manure may be selected which will most 
nearly supply the desired fertilizers, and also assimilate 
as much as possible in its composition to that of the ash 
of the plants intended for cultivation. 

A mixture of different fertilizers in various degrees 
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of Bolnbility will in many instances best answer fhcse 
requirements. 

41 Mannrefl which Impoverish fhe Land. — These 
are Ume and Nitrates, They act principally by en- 
abling plants to take np ingredients already existing 
in the soil, and which, by their chemical action, they 
render more completely soluble. The apparent increase 
of fertility which follows their application is due, not 
so much to what they impart to the soil, but to the greater 
&cilities which they coiner upon it for yielding np the 
sapplies already possessed. 

Unless these manures, then, are used in conjunction 
with others of a more general nature they have a decided 
tendency to leave the land in a more impoverished condi- 
tion than before. They are certainly useful in reducing 
mrplue stores of fertility^ but otherwise their separate 
application is, as a rule, considered unadvisabtoi 

The use of lime without manure 
Makes both the farm and farmer poor. 

45. Tillage Operations. — ^These are carried out for 
the purpose of assisting the forces of nature in dissolving 
and breaking np the mineral matter of the soil, and so 
preparing it for the reception of seed. Good cultiva- 
tion facilitates the passage of water downwards to the 
drains, and upwards to the roots by capillary attraction, 
and also keeps the ground clean and free from weeds. 

The ordinary operations are known as Ploughing, 
Grubbing or '' Cultivating/' Harrowing, and Bollmg. 

Ploughing inverts acertain section of the soil — deep or 
shallow, as required — and so brings up a fresh portion 
to be acted on by the atmosphere. It is this which 
makes autumn cultivation so valuable, especially on 
heavy soils ; Veeds, too, in this way, are eradicated, 
though in very foul land a second or third ploughing 
may be necessary. 

The definition of a soil most suitable for a 0eed-bed may 
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be ^ven in a very few words — cleiui, fine, deep, moist, 
and fairly rich. The three first of these couditioiiB 
may be secnred by a deep wmter forrow acted on by 
frosts. This seoores a &«er soil than when done in 
spring: the plants are not crippled, nor are their tiny 
rootlets impeded in their search for nourishment. 
Ploaghing in iate spring on a winter furrow is objec- 
tionable on heavy Iiuids, as it brings up hard clods to the 
BUT&ce and bories the fine boU produced by changes of 
temperature, while on light lands it causes loss of 
aoistnie by eTSporation. 




Tht Gruhber or CvlHvator shonld be nsed in the 
spring with deeply-set tines, so as to thoroughly loosen 
the undersoil, and draw out twitch or cotich grass. These 
tines are set obliquely, and are invariably curved 
forwards, and differ in this respect &om harrow teeth 
as well as in their length. The process of grubbing stirs 



n 



rsntoaaa or Ktatcuauta. 
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the nntUnoil ; and cross grabbing, thongh sometamM 
objected to, ensures the etirring of every part of it. 

The advontagos of tbo gmbber over the plough in the 
spring of the year are : — The soil is more loosened at the 
bottom; the moiatTire is retained; a finely 'wrought tilth L 
secored, and the land is rendered free from weeds. 

Harrouii are made of different patterns to suit a variety 
of purposes, and are in effect precisely similar to Uiat 
of a gardener's rake. 

Heavy drag harrmes ore used to break up rongh olods 
«nd reduce them as far as possible by exposing fresh 
Bor&oefl to the influence of the weather. 



(Kg. 2.) 




Seed harrom level and finish off (he ground fit for 
seed sowing, and also cover up the seed after the 
drill. They are purposely made very light m order 
that the seeds may not be too deeply buried. One of 
Uie great merits of the harrow lias in the great saving 
of th« seed which may be thus effected by its use. 




Qrcua-teed harroua are veiy light, and cover np fili4 
grasfl and clover seeds at a small depth below th« 



(Fig. 4.) 




Chain-hanvwi now take the place of the old brash 
harrow on grass lands, to brash in fine seeds and 
mannre ; the^ also give a very fine surface where anoh 
ta required. For covering small seeds the roller met^jr 
'h often employed, hnt its nse most be regnlat-ed by the 
if the Bead-bed. 
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BoUen ue made of different pattoms for cmBhing and 
pressing the land. In fallow operations it redaces the 
clods ; at seed-time it consolidatea the land and checks 
evaporation ; in the oarly atagea of many crops it is need 
to compress and level the land which a winter's irost 
may have loosened — thoB showing its almost constant 
operation on the farm. 

The plain wooden, roller is mostly used for levelling 
and smoothing the surface for fine seeds. In some parte, 
as in DevonsKre, where granite abounds, stone rollers are 
nsed instead of wood. 

Plain iron rolUrSt having the cylinder in two or more 
parts, each moving f^«ely on a common ule, are mostly 
nsed for grass lands. 

(Fig. e.) 




Th« Clod-cruther or CrosiklU roller (Fig. 6) is the 
most perfect form of the implement, consisting of a 
series of wheels, alongside of each other, each having 
aa independent action. 




It is very heavy, and was deeigned to crash and 
grind np intractable cloda and reduce heavy clays to a 
fine tilth. They are, however, of equal, if not greater 
service, as compressors of light eoils, before wheat 
Bowing, to roll winter-sown crops in Uie spring and 
to consolidate the land where the crops ore attacked by 
the wire-worm.* 

46. SsasoiiB for Ploughing and Sowing Land by 
Implements,— Economy of labour, time, and conse- 
quently money, ore reasons ail-sufficient for the use of 
implements in these operations. The many modem im- 
provements and appliances now introduced, and their 
more efiectnal action,more fhan compensate for the outlay. 

•The tme wire-worm U tlie oSapringof the click-beetle, which 
lays Its egga in the field, where tbey imtch, become larvie or 
wir»-woima, me transtonncd into pupie, and from these the peF- 
fact click-beetles emerge, Immediatelj they Eire hatched from the 
igg they attack the cropa — whether corn, turnips, mangel, 
potatoes, cabtiagee, or grass. They are livo years in arriving at 
maturity. They cannot endure sun or dryness, and in severe 
winters retire deep into the osrtti. Books, starlings, lapwings, 
piieaSBQt^ Bea-gulls, partridges, wagtails, robin?, blackbirds, and 
thnuhea, but especially molei, keep down their numbers. 
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On most large estates small fields liave been thrown 
together, enabling steam ploughs in many instances to be 
used with profit and success. The use of implements 
for mowing enables the work to be done in moeh less 
time, giving the farmer ft greater chaaoe of ** making 
hay while the sun shines'' and icing the work more 
efiectuftlly. 

47. Any ChAiifM produoecl in tho Soil, asid their 
Intaanoe oa tii6 growth of Crops. — By their more 
powerful ftcltion, implements give i^ great advantage 
over haad Isbcmr, Where &d subsoil is of good 
qoftUly it may be broiq^t up by travMdi ploughing and 
mixed with tha ordiiwry cmtivEblo seotion, while the 
subsoil plough (Fig. 7 vui Vig* 8) wa be set to stir 
the land effectively to a depth 5 tmm 12 to 18 inches, 
and thus facilitate the drainage, deepen the staple, and 
open up firesh layers of soil to the roots of plants. By 
steam-power, subsoiling to a depth of 8 feet has been 
effectively done. 

m- 7.) 




The influence on the growth of crops by such fm- 
provemeuts is obvious, but its effects are greater on 
soils resting on hard ^vel, or a calcareous subsoil, than 
on stiiT lands, which in case of veiy intractable days are 
apt soon to return to their original e<wdition. 
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48 Sraiiia^ of 
&e Land vLen 
neoeaHaxy, and its 
Uodfl of AoboiL— 

The importance of 
freeing the land 
from Buperflnous 
moiatnre appears to 
have been known 
in times of great 
antiqnity The Ro- 
mans nuderstood it 
and practised it, and 
the remains of an- 
cunt drama m this 
country show that 
its utility was re- 



penod 
Wherever land is 
naturally wet, or 
wherever the flow 
of water is mter- 
cepted m its pas- 
sage through the 
soil to the detri- 
ment of healthy ^ 
vegotation, there 
diamage becomes 
necessary Drain- 
age IS effected by 
makmg m the land 
channels and water- . 
courses which en- 
able the water to 
escape from the soil 
and carry it away 
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to a lower level. As the water is drawn away from the 
soil, atmospheric air is drawn in to take its place, and this 
in itself hrings ahout a great change, hoth mechanically 
and physically. The organic acids accumulated by the 
unhealthy decomposition going on in the stagnant water 
become changed by the pure oxygen of the air into 
more healthy forms ; dormant matters become soluble 
and useful for plant growth ; injurious compounds are 
** moved on " by the passage of tiie water, or practically 
dissolved ; the temperature of the soil is raised, for the 
sun's rays on dry land are absorbed instead of being 
used in evaporating the moisture ; and on properly 
drained or ventilated land the warm rain will carry its 
heat with it as it percolates through the soil. 

The ultimate advantages are — an earlier and more 
abundant harvest; an enlarged system of rotation 
becomes possible ; a better quality of produce is obtained, 
the expense of cultivation is reduced, manures are more 
perfectly used up by vegetation, and the health of both 
man and beast protected by the improved quality of 
vegetation and the absence of those humid conditions 
which are so specially productive of disease. 



CHAPTER VI. 



49. Crops grown on Various Ends of Soil. — ^This 
point will be best understood by dividing all soils into 
the two great classes of heavy and Ught or stiff and free 
soils. 

Heavy soils are suitable for grain crops and beans, 
and are consequently known as ''wheat and bean 
land." 

Free soils require a different kind of treatment alto- 
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gether, and from their saitabiliiy for growing such 
crops have been defined as ** tnmip and barley soils." 

These considerations are the primary conditions on 
which the crops to be grown on various spils are based, 
with snch variations as experience has shown to be best 
adapted to any particular locality, and to intermediate 
kinds of soils. 

The most retentive clays will best grow wheat and 
beans with the ordinary fallow crops before mentioned 
as suitable for such soils. 

Strong loams in addition will bear mangels and 
swedes. 

Ordinary loams of good quality are suitable for all 
crops, with potatoes in sunny situations. 

Sandy loam^s and sandy soils will come under the culti- 
vation mentioned as suitable for free soils, rye and 
barley being the most suitable cereals, and all kinds of 
forage crops being available. 

Thin soils, such as prevail largely on the chalk forma 
tions, will grow good barley, and are useful for the winter 
folding of sheep, a system by which these open soils 
are manured and consolidated for the grain crop. 

Peaty soils are well adapted for rape and kohl-rabi, 
and grow abundant crops of oats with the assistance of 
liberal supplies of lime. 

50. Succession or Eotation of Crops, how Selected 
and Arranged. — ^The principle to be kept in view in 
fixing on a rotation should be the succession which is best 
suited to draw from the soil the largest net return, while 
the capabilities of the land are, at the same time, main- 
tained and increased. 

As stated in 89, certain plants contain one or more 
substances peculiar to themselves ; some strike deeply, 
while others are shallow-rooted and obtain their 
nourishment nearer the surface. On the other hand, 
the inorganic matters found in soils are present in 
varying proportions, some containing perhaps very 
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little of one sobstaace, and an excess of others. These 
facts, together with peculiarities of climate, will explain 
why certain soils are specially suited for growing particu- 
lar crops, and that certain rotations become established 
in every locality, which experience has decided to be 
the most profitable to adopt* 

61. Conditions Beg^ulating the Selection and Aota- 
tion of Crops, 

1. The class of land, which is the most important. 

2. The climate of the locality — some crops refusing 

to ripen where others flonrish and luxuriate. 
8. The substances entering into the composition of 
our different crops. 

4. The kind of root and general habit of the plant. 

5. Necessity for both grain and fallow crops for man 

and beast. 

6. Oertain diseases appear in crops if rotation be noi 

duly observed — e,g,, "clover sickness" and 
<< finger and toe " in turnips. 

7. According to Dr. Cameron, '^ a rotation is neces- 

sary, from the fact that each kind of plant 
differently affects the growth of weeds." 
Practical considerations, in addition, are the cleanli- 
ness of the land, the continuous supply of food, the 
division of labour and its distribution through the several 
seasons of the year, and the state of the markets. 

62. Belative Powers of Exhausting or Improving 
Land. — Some crops are much more scourging than 
others. Turnips, for instance, remove much potash from 
the land — as much as 200 lbs. per acre, and nearly 40 lbs. 
of soda. Oats require five times as much lime as wheai 
does, while barley, by the adherence of the chaff to the 
grain, when sold off the farm, takes firom the land 23 
times as much siHca as wheat does. 

Again, certain plants are well fitted to precede otiiers ; 
clover, peas, and beans are excellent crops before wheat, 
as the decay of their roois generates nitrogen for the 
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nonrishment of the wheat crops ; they also feed on the 
tipper layers of the soil, while the wheat roots go deeper 
down. Boots and potatoes, too, are good preparatory 
crops for grain. 

Some crops, oxi the other hand, have a tendency to in- 
jure the soil for other crops — e»g,, rye grass is not a good 
crop to precede wheat ; aiid a succession of similar crops 
win ultimately exhaust the land hy each robbing it of the 
same constituents. 

Experiments on continuous com growing are being 
carried out at Bothamsted by Mr. Lawes, who for 8i 
years has taken a crop of com from the same land. 
Where manure has not been used at all the average has 
been for the last 10 years between 11 and 12 bushels 
per acre, but by liberal and judicious manuring the 
average has been kept up without difficulty to 86 bushels 
per acre. 

53. Chemical Composition of Different Crops. — ^The 
following tables are taken from average analyses, and 
may be accepted as mainly correct : — 



100 lbs. by Weight. 


Water. 


Husk 

and 
I'lbre. 


Starch 

and 

Sugar. 


Gluten. 


Fat. 


Asb. 


Wlidat 


15 
15 
16 
12 
14 
75 
88 
85 
90 


15 
15 
20 
15 
10 
3 

• •• 


55 
55 
40 
55 
45 
16 

8* 
10* 

4* 


10 
10 
10 
10 
24 
2 

IJ to 2 
8 to 3i 


3 
2 

4 
3 
2 

1 


2 

3 
4 
2 
3 

1 

f 
i 


RarlAv 


Oats 


Rye 


Beans and peas ... 


Turnips 


Carrots 


Cabbafles * «... 





* TurnipS) carrots, and cabbages do not in reality contain 
starch, but the same proportions here indicated of other substances 
which, when used as food, serve the same purpose as starch. 
(Johnson^ Catechism.) 
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64. Good Courses of Cropping— Bad Courses of 
Cropping. — ^A good conrse of cropping will leave the soil 
in an improved condition for the next crop, not only by 
abstaining from using the nonrishment required by tho 
succeeding crop, but by adding thereto. Bad courses 
will have the opposite effect, and the produce will also 
be less abundant. A crop of turnips, clover, or tares 
not only requires no silicates, and consequently afforde 
time for the disintegration of further supplies, but also 
increases the amount of humus and ammonia whidi 
their numerous leaves absorb from the atmosphere. 
When such crops, therefore, are fed off on the land or 
returned in the form of manuie, the soil becomes richer 
than before, and in ite additional stores of the various 
silicates, ammonia, and humus, is in the best possible 
condition for the growth of com. 

Whatever system of rotation is adopted, a certain 
latitude should be allowed, especially on large estates, 
where the soil, aspect, and climate may have considerable 
variations. 

General principles regtdoMng the rotation on stiff soils^ 
— ^The bare fallow is restricted to special places which, 
from any reason, has got foul and out of order. The 
remaining fallow crops will be sown or planted with 
forage crops adapted to heavy soils, such as rape, cabbage, 
early white turnips, spring and winter vetches, kohl- 
rabi, &c. 

All fallows will be followed by wheat sown down 
with grass seeds in the spring, which will remain in a 
third year to be again succeeded by wheat, to be again 
succeeded by beans, while the next year wheat may be 
taken again, making a very profitable six-year course. 

The rotation would then be as follows : — ^Fallow (bare 
or cropped); wheat; clover; wheat; beans; wheat. This, 
however, could only be followed on land in good con- 
dition. 

For poor clays the following has been recommended : 
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— ^Fallow; wheat; clover or beans — ^to be lengthened 
by an additional com crop as the quality of ^e land 
rises. 

notations for light soils. — The Norfolk rotation, or 
the four-years* course of cropping, is one that has pro- 
bably been more generally adopted than any other. The 
course of cropping is as followB : — 

1st year — ^Tamips or other roots. 
2nd „ Barley. 
8rd „ . Glover or other seeds. 
4th „ Wheat. 

The excellence of this system lies in the alternations 
of grain and fodder, and in the great facilities offered for 
thoroughly cleaning the land; and in the fact that 
each crop exerts a favourable influence on that which 
has to follow. Variations on the Norfolk rotation may 
be made in districts where the harvest and spring are 
not too backward, and this without interfering with its 
salient points. 

For instance, a crop of stubble turnips, trifolium, or 
winter vetches may be taken after wheat, to be fed or 
cleared off in the spring and early summer in time for 
roots. 

In the South and West and in some of the Midlands 
very useful supplies of fodder may be secured in this 
way ; but much depends on the seasons, and care should 
be taken to prevent the land from becoming foul. 

Another method of lengthening the four-years* course 
is by allowing the seeds to remain a second or even third 
year, giving the following course : — Roots ; barley (or 
oats) ; seeds ; seeds ; wheat. 

In this case the seeds would pay for a good dressing 
of manure for second year. 

In the northern counties what is called the Northum- 
berland rotation prevails very largely, a system which 
allows the seeds to remain a second or even third year 
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to be followed by aats^ as the wheat invariably cemea 
after the root crop here. 

Northumherland Botation, — Seeds; seeds; oata; 
roots ; wheat. 

This system has the advantage of keeping a large 
proportion of the arable land down in grass, whieh. ai 
the present price of beef and mntton, has much to recooa- 
mend it, in addition to the money saved in labour. 

jCq instance of a Bad EoiaHon, in which all good con- 
ditions are set aside, may be seen in the following : — 

Seeds ; seede (grass or clover) ; oats ; oats ; wheat. 

Snch a coarse would render the land foul and full of 
weeds, poor in condition, and produce a very soanty 
crop &om consecutive straw crops and fsom want of 
manure. 

66. Period of highest Kntritive TaliM. — Chrasseo* if 
allowed to remain uncut till the seed is ripened, loso 
much of their value, and should be out for foddor or hay 
before the seeds are foimed and during the time oi 
flowering. 

The cereals which belong to the grasses, if intended for 
fodder, should be dealt wUh on the same principle : ry* 
and green beans and oats, for instance, are excelleni for 
such purposes. For grain purposes, the most profitaUe 
time for cutting wheat in our own dimate is two weeks, 
and for oats one week, before full or dead ripeness^ 

Boots should be fully matured before being given io 
cattle, the nourishing properties being then at their 
maximum. Mangel should be stored till the saccharine 
properties are developed, which, like that of firuits, ia not 
a vegetable but a chemical process ; the same remark 
applies in a degree to parsnips and carrots* 

Other fodder crops, as trifolium, clover, &c., are best 
before and during the time of flowering, similar prin- 
ciples applying to them, when used as green fodder, as to 
grass when bemg cut for hay. 

66. Chemical Changes in the Bipening of Orain, 
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Boots, and Podder Grope. — ^In grain erops ai the period 
of blossoming their stems and leaves are full of juiees 
destined to produce the seed. When the blossoms have 
performed fiieir office m forming the rudiments of the 
seeds a krge portion of the juices of the plant is yielded 
np to bring them to perfection. These juices consist 
chiefly of sugar and ghiten ; in the course of ripening 
the former is converted into starch, the seed hardens 
and arrives at maturity, while the sugar not taken up 
by the seed is converted into woody fibre in the stem.* 
By thus standing to produce com the stems and leaves 
of plants lose about four-fifths of their nourishing matter, 
winch is taken up by the ripened grain. 

Boots contain about 90 per cent, of water. The pro- 
cess of ripening reduces the moisture, and raises the 
sugar, starch, and gluten to the maximum point. 

Mangels are much improved by storing, as thereby 
the saccharine properties are largely developed, and 
much of the moistwe evaporated. 

Grasses in ripening undergo similar changes to com 
crops, for all cereals are true grasses. These changes 
Bje well deserving the attention of the farmer, for, by 
allowing grasses to remain uncut until the seed is formed, 
the mgar is converted into woody fibre, to the great 
injury of the hay, which becomes hard and sticky, and 
afifords but little nourishment, while the gluten oi the 
plant is exhausted in the formation of the seed, which, 
for the most part, is beaten out and lost. 

57. Necessity for this Action. — ^By the vital functions 
of plants the substances of which they are composed are 
constantly imbibed and changed in the progress of their 
growth and in the maturing of their fruit. With the 
growth of the plant the starch, gluten, sugar, &c., also 



* Sugar differs but slightly in its component elements from 
starch and woody fibre. They all consist of carbon and the 
elements of water— hydrogen and oxygen. 
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increase, and afford a larger quantity of nonriBliing 
matter up to a certain stage, when the whole energies of 
the plant appear to be absorbed in elaborating the sub- 
stances necessary for continuing its kind— viz., the 
materiaU contained in the seed, after which it becomes 
quiescent, or dies entirely. 

S8. Influenoe of Climate on the Perfection of 
Growth Attainable. — The cultivation of the cereals at 
the level of the sea extends from 80? to 70^ of north 
latitude, subject, however, to great variations from modi- 
fying causes. Near the equator they refuse to ripen 
under an altitude of 2,000 feet. Wheat requires a bright 
sun to ripen it, and in the North of England cannot be 
profitably cultivated at a greater height than 700 feet 
above sea level. The quality of wheat also varies 
with the climate, and EngUsh-grown wheat is inferior 
to that from hot countries, which is said to contain more 
gluten. The period required for the growth and ripen- 
ing of any crop depends on the total amount of heat 
received, and consequently varies with the climate. 

In Stephen's *^Book of the Fsacm" it is stated that 
wheat requires 92 days to arrive at maturity in 
Venezuela, 100 days at Truzillo, 187 in Alsace, 160 
near Paris, and 182 days in Scotland. On the Nile, in 
^gyp^f barley ripens in 90 and in South America maize 
ripens in 92 days. 

Barley and rye are grown in Norway in north latitude 
71? where they can adapt themselves to the short 
summer. 

Oats succeed well in a moist climate where the mean 
summer temperature does not fall below 65^ and they 
can stand a much greater elevation than wheat. 

Eye can be grown in the moist mountainous districts 
of Wales at as great an elevation as oats, and also in 
North Russia, where the subsoil is always in a frozen 
state, but where the summer sun imparts such intensity 
to vegetation that 60 days is the usual period which 
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elapses between the sowing and reaping of the summer 
crops. 

Beans are a somewhat precarious crop — more sus- 
ceptible of atmospheric influences. The western counties 
seem too moist and the sun too weak to promote fructifi- 
cation during the flowering stages. In the eastern 
counties the moisture to the roots is often deficient in 
spring and early summer, and various diseases conse- 
quently set in, and insects often increase the mischief. 

Taking this country throughout, we find that the 
counties of Kent and Essex grow remarkably good wheat, 
and that in the south a difierence of from 10 to even 20 
bushels per acre may be reckoned as grown compared 
with the north. 

Turnip, — The climate of Great Britain is admirably 
suited to the growth of this important crop, though the 
western and moister districts are better adapted than the 
eastern and southern counties. A crop of turnips can 
be raised with much less forcing on the western side of 
the island, and in Scotland, where the climate is far more 
favourable; even in the Orkneys, where the cloudy 
summer will not ripen wheat, very fair crops can be 
grown. 

MangeUWurzel, — ^The climatic adaptations of this 
vegetable are somewhat difierent from the turnip. It 
produces more nourishing and highly elaborated pro- 
ducts, and yields a heavier weight per acre. On land 
highly manured in 1878 the enormous amount of 110 
tons per acre were grown of an improved variety sent 
out by Messrs. Sutton & Sons of Reading, Berks. 

Potato, — ^This tuber possesses a wider geographical 
range than any other cultivated plant. It can be culti- 
vated from the sea level in the tropics to the height of 
18,000 feet in the mountains ; and through a variety 
of moist and dry climates to 75^ of north latitude. 
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CHAPTER Vn, 

59. Combined Influenee of Soil and Climate upon 
the System of Husbandry, upon the Mailing^ Proper- 
ties d Barley, the Nutritive Quality of tiie Flour of 
Wheat and Oats, the Feeding^ Power of Boots, and 
the Various Kin^ of Straw. 

(a) The System of Husbandry, — ^The nature of the 
soil will furnish the key to the system to be adopted, 
while the climate will form a ccmsideration only second 
in importance. The hilly nature of the surface of Great 
Britain and the circumstance of its being situated be- 
tween the parallels of §0® and 58^ 40' of north latitude, 
create great and marked inequalities in the distribution 
of heat and moisture over its surface, and also in the 
action of othar agents which operate energetically on 
animal and vegetable organisms. Henee the results of 
agricultural experience have been greatly modified. In 
a general way, dairy farms and stock-grazing will be 
found on lands capable of producing large supplies of 
rich grass, and these mostly in the western and more 
humid parts of the country. 

The eastern side, being much less humid, we find 
largely devoted to the growth of cereals. High-lying 
moors and rough pastures will be devoted to the rearing 
of cattle for richer districts. The light free soils of the 
chalk and other formations will be worked as sheep 
farms, with turnips and barley as their principal crops. 
On other soils such rotations will be adopted as their 
nature and that of the climcete may permit, bullocks 
taking the place of sheep, as a rule, on the stiffer soils 
and lower-ljdng districts. 

{b) On the Malting Properties of Barley, — The best 
barley for malting is that which contains the greatest 
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qtiaatiiy of starch, wliich in the process becomes avail- 
able for conversion into sugar, la appearance, malting 
barley is short, plump, and white, while "mealing 
samples,*' as they are termed, are generally coarse, 
yellow, and thick-skinned, containing mueh gluten. 
The county of Norfolk generally produces favourite 
malting samples, where the climate is dry, and the soil 
naturally poor, though rendered very productive ty 
superior farming. 

Barley grown after wheat (though a bad practice) 
^ves a better sample for the nudtster than tiie more 
abundant crop which follows turnips fed off by sheep 
and enriched by their manure. 

(c) The Nutritive QtuiUties of ^ Flour of Wheat and 
Oats. — ^Wheat contains much more glutei than barley, 
rye, or oats, to which it owes its superiority as a bread- 
corn. The quantity of gluten, however, contained in 
each of these different kmds of grain is very variable, 
and very much influenced by the kind of manure applied 
to l^em, the greatest effects resulting from animal 
manures containing much salts of ammonia. Italian 
wheats, and those from the Bouth of Russia, are always 
rich in gluten, and are on that account used by the 
Italians for making macaroni and vermicelli. 

Professor Johnson gives the following proportions of 
starch and gluten in v^eat grown on the same land 
differently manured: — 
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Barley and oats, which contain much less gluten 
than wheat at all times, are not equally affected by 
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mannrea rich in ammonia. The oat is differently 
constituted from wheat as regards the special require- 
ments of its growth, for it will form and mature its seed 
under circumstances in which the latter would yield 
little else but worthless straw. It requires a damp 
atmosphere where the soil is dry, or a damp and deep 
soil where the climate is dry. 

The flour of oats, or oatmeal, is very rich in those 
compounds which constitute the muscle-forming principle 
of the animal frame, and for all exposed to a bracing 
atmosphere and out-door labour or exercise, no food 
can be more wholesome or nutritious. 

The quantity of the starch in the oat is nearest to 
that of barley, while, with the exception of Indian com, 
no other starchy-feeding material contains bo much fat. 

For the composition of oats see 54. 

(d) The Feeding Power of Roots, — ^In turnips, the com- 
position is liable to great variations, like that of all other 
root-crops and succulent food in general. The difference 
produced by wet and dry seasons, poor soils and rich 
soils, slow and rapid growth respectively, far exceed 
any due to the influence of descent from diflerent 
varieties. On an average, turnips contain from 88 to 
92 per cent, of water, and from 8 to 12 per cent, of dry 
solid matter, which includes the following constituents : 
— Sugar, gum, pectic acid, albumen, and similar proteine 
compounds, cellular fibre, and traces of fatty matters, 
with minute portions of some less important compounds. 

Swedes usually contain less water than any other 
variety of turnips, and a greater amount of feeding 
compounds. It is stated from experiments made that 
the increase of live weight in cattle fed in the field on 
150 lbs. swede turnips gave 1 lb., but that a similar 
increase was made on 100 lbs. consumed in a field 
with a shed to run under. 

Mangels when freshly drawn have an acrid prmciple, 
which disappears after storing. The increased amount of 
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Bugaorifl also formed partly at the expense of the pectin. 
They are much grosser feeders than other root crops. 

(d) The Feeding Power of the various Kinds of Straw. 
— ^Much difference exists in the feeding properties of 
the straw of various kinds of grain, which is modified 
very largely by the time of cutting^ for the practice of 
allowing com crops to remain nncut till ripe would, 
80 far as the straw is concerned, render it little better 
than a mass of woody fibre. 

Bean straw, or haulm, when well harvested, is con- 
sidered by Scotch farmers far superior to that of oats, 
wheat, barley, and rye, and as fodder to be little inferior 
to good hay ; it is apt, however, to produce flatulency : 
the manure, though, is unusually strong and rich. 

Oat straw is preferred by practical feeders to the straw 
of any other cereals. 

Dr. Yoelcker found in oat straw as much as 8*81 
per cent, of flesh-producing substances; but as the water 
in this analysis amounted to 48*27 per cent., it was 
probably cut before the grain was ripe^ and would, there- 
fore, l)e much richer than the straw of fully-matured 
grain. Pea straw contains a high percentage of flesh- 
forming constituents. 

The following percentages show the mean analysis of 
several sorts of straw : — 
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CHAPTER Vm. 

60. Conditions Bogulatixic tbe Vital Powar of 
Seeds— Their Cliaraot^ fuid ftoality, — ^As respects 
the longevity of seeds, qr the doraticm pf gernun- 
ating power, it is found iba^ di^Eiavent kinds vary 
to an enormous extent, l^en entirely removed from 
the conditions seoessary to germinatiitp, ^oine seeds of 
wild plants have been known tp lie doraiant in the 
ground for a eonsiderable period, a^d yet ultimately 
germinate — charloqk, for instance, will suddenly appear 
on the breaking-up of old grass-land where it has not 
been seen for years. In woods, the clearing of under- 
growth causes hosts of plants to appear which have never 
been observed before ; so also ia the sinking of wells 
and making embankments — ^white cloyer in these two 
latter cases almost invariably springs up. 

Most seeds when kept too long produee slow-grpwing, 
£Beble plants, which are peouHarly liable to yarious 
kinds of diseases. 

The following points are of importance with regard 
*o selection of seed : — 

(1.) It should be fully matured, for during germina- 
tion the plant depends entirely on the seed 
for its nourishment. 
(S.) All seeds should be perfect and sound, as they 
produce stronger plants. Com for bread 
may be cut before the period oi dead ripe- 
ness, but for ^ed purposes n^tority should 
be perfect. 
)(8.) As a rule seeds should be sown on a soQ 
superior to that on which they were grown. 
(4.) All seeds should be properly stored in a dry, 
equable temperature ; undue heat and mois- 
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ixae will excite germiaaiioii whieh, once 
eheeked, can ^ever be indooed again* 
(5.) Vitality may be a^ested or eve6 desireyed 
by ammonia, or its carbonate, "when too 
near the seed in the soil in a concentrated 

form* 
(6.) The powers of germination may be inereaaed 
or weakened iSf the conditions of heat, mois- 
ture, air, and exclusion from li^t be 
favoorable or otherwise; hence the tUg»th 
at which they are placed and the $ea8<m are 
important elements to be considered, as 
well as the condition of the seed-bed. The 
greater the depth the longer the period re- 
quired for germination, and the less the 
number of seeds that germinate. 
61. Pedigree Infinenoe, — ^It is a remarkable iieust 
that botanists are not universally agreed on the abori- 
ginal parent form of any one cereal plant. The cereals 
cultivated in Europe consist of four genera — wheat, rye, 
barley, and oats. Of wheat the best modern authorities 
make four, five, or even seven distinct species ; of rye, 
one ; of barley, three ; and of oat^i two, three, or fonr 
iq^ies. These have given rise to a multitnde of varie- 
ties, but these quickly assume new habits of life under 
altered conditions ; for instance, summer wh^ in tbr^ee 
years has been converted into a winter variety, Mid 
winter wheat in the same period to i^ s^nmer variety. 
These qualities in wheat give it the power to become 
io a certain extent acclimfttised, and it is notorious 
that the proportion of gluten differs much under differ^t 
climates, and also the size and weight of the grain, 
hardness, and time of flowering. 

The turnip in its best form is but a hybrid. It belongs 
to the cabbage tribe, is a native of Chfeat Britain, and is 
frequently found wild on banks, waste landSi and the 
borders ot fields. The oultivated turnip, with its lafge 
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size, nnifonn shape, firm fiesh and nutritive qualities, 
has been produced by the careful collection of seeds from 
the original wild forms, planting them in a bed specially 
prepared and suitable to their germination, forcing 
forward the plant with manures, singling and weeding 
them with di^ care, and keeping the soil in proper 
order during the process of development. The turnip 
is capable of producing varieties suitable to different 
classes of soil, climate, and season. There are at 
present at least fifty well-known kinds, most of which 
have good qualities to recommend them ; but unless care 
in cultivation be continually exercised, degeneracy is 
certain to ensue. 

The ordinary fodder grasses are all improved varieties, 
acquired by care and selection, combined with high 
cultivation. 80 far as the principle of selection goes, 
the pedigree of seeds will somewhat resemble that 
of cattle, and all tendencies to reversion are carefully 
guarded against by using the best samples possible for 
seed purposes, combined with favourable conditions 
of growth. 

62. Effect of Age of Seed upon the Porm and Cha- 
racter of its Produce, its Bapidity of Growth, and 
Liability to Disease. — Old seeds germinate with diffi- 
culty, if at all, and the process produces a very feeble 
plant, whose downess of growth and general want of 
energy lays it open to the attacks of every enemy; its 
constitution is unable to withstand successfully any un- 
usual adverse climatic influences, while its liability to 
disease is much greater than others [of a more vigorous 
temperament. Finally, the produce is inferior both in 
quality and quantity. 

63. Change of Seed, why Necessary. — ^All our cul- 
tivated specimens are what has been termed derivative 
plants, Ctdtivation has made them different from their 
parent stock, and constant change is necessary to coun- 
teract tiieir tendency to degenerate or revert to their 
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origBuil wild condition. Frequent sowing in the same 
ground tends to produce a less desirable quality of seed, 
and the seed from degenerate plants are worse than the 
parent stock. As the change of soil is limited to the 
ordinary course of rotation observed, the same purpose 
is answered to an important extent by change of seed, 
which as a rule should be produced on land inferior to 
that on which it is to be sown. 

64. Adulteration of Seed. — Seeds are adulterated by 
the dishonest dealer for the purpose of increasing his 
profits at the purchaser's expense. 

A common practice, unfortunately, is to mix old and 
mferior seeds, with the new stock. Charlock seed, too, 
is commonly ''killed," and then mixed with turnip seed 
to increase the bulk. Grass seeds, when old and dull 
in appearance, have been coloured by an ingenious pro- 
cess, worthy of a better cause, to make them present a 
bright fresh look. The best way to test all seeds is to 
try their vitality by sowing a portion in heat, and 
compare the number sown with those which properly 
germinate. 



CHAPTER E. 

65. live Stock— Best Kinds' of Stock for various 
Farms— the Economy of Gtood Stock Management — 
Ordinary Eules for the Preservation of Health. — 

British Hve stock is unrivalled throughout the world, 
and English cattle excel aU other races for the produc- 
tion of both milk and beef, while the sheep, though not 
producing such jine wool as some other races — ^Aus- 
tralian, Spanish, and German, for instance — ^in the 
matter of mutton and wool combined are acknowleged to 
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be uneqUaQedi English pigi, too, ore of sncB snperidr 
qoidity thai ^ej sate imported not only by Enropeaa 
breeders, bat sett to M paris of the world* The 
same remark holds good with the leading races of the 
EnffHsh horse — ^thotigh it is somewhat to be regretted 
that some of onr veiy best Uobd horses are now in the 
studs on the Continent. Of cattleTi Great Britain boasts 
eighteen or nineteen distinct breeds, twenty-fivo of 
sheep, and ten of pigs* !rhe following list will mclude 

the leading breeds of ecieh :-^ 

j 

miOUBB CATTLE. 

Durhams or ShortAomSi — ^These ai^d aelc]lowledg«d to 
possess a greater number of good points than smy oth» 
breed, qntditieel which have been acquired by carefol 
and methodical selection. Ko othei^ breed arrives so 
early at maturity ; they are good milkers, rapid fatteners, 
hardy, docile, and pleasing to the eye. Their colours 
are various, including '^hite, red, and roan, with long 
silky hair and excellent shape. They originated on the 
banks of the Tees,according to Coates's ** HerdBook,'' and 
to the celebrated bull <* Hubbach,'' calved in 1777, the 
property of the brothers Charles and Bobert Colling, it 
is the desire of most breeders, either directly or indi- 
rectly, to trace back. They are now found throughout 
the whole of the British Islands, and are eagerly bought 
up and sent to various parts of the world. 

Her^ords rival even the shorthorns in the production 
of bee^ but they are poo^ milkers. The body ie red, 
with white face, breast, belly^ and feet, and a line ci 
white which extends alons the back lo the tip of the 
tail. They are known throughout the eotintry, but 
especially in Hereford and the Midlands. They are 
not so handsome throughout as some othe^ l^eedd, 
their hind quarters being rather light and narrow. 

Devom in colouf are a beautiful rich red, perfect in 
outlinCi but rath^f j^all. Thejr fatten read^y$ btit git0 
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rich in q^aaJity. They have a peculiarly plesedng eooi^ 
tenttMe; 6iff?i0d, iriddy-spread honm, aad mtu^e, eyi- 
Hdiy and ears of a rich yellow eolonr. 

8tus8e» CauU are appareotly identioal in many poinis 
with DeTons, bnt darker in colour and heavier in baild« 

Longhoms are seldom seen anywhere bat in the Mid-* 
lafids^ ^eir h^ns are very long and sweeping, and 
sometimes have to be sawn off, as &ey grow downwards 
and prevent the animals from grazing. They are mostly 
brindled and black and white in eolonr. 

Norfolk PoUs 9st% growing in favour in the Eastern 
counties. They are a red hornless race. 

Sussex Duns are not known far from their own locality, 
bat are valued for their milking qualities. 

SOOTCd OATTUB. 

OdUoway CcM» are yearly sent over the Border in 
large droves to be fattened on English soil. They ajfe 
black in colour, without horns, hardy, and well up in 
flesh. 

Angus Cattle tere similar in colour and general ap- 
pearance to Chdiowajr cattle, but possess a larger frame. 

Ayrshires are fine dairy cattle, with large heavy uddera 
and hind quartern, but lighted in front. They vary in 
colour, but white and red are ikiost eominon. 

The West HufMand breed do better in ^e North of 
Scotland than any other breed. They are also known 
as Eyloes. They haVe Bhoi% muscular limbs ; straight 
back ; shaggy hair, black, brindled, or brown in colour; 
long, up-turned horns, and a bold erect carriage. They 
will fatten where a shorthorn could not exist, and the 
meat is of excellent quality. They give but little milk, 
but the qitatity is superior. 

The0e, ad a whole, exhibit a marked family likeness^ 
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and mnch resemble the breeds of caiUe in the mountain- 
ous parts of Scotland. 

The Pemhrokes are a motmtain breed ; hardy in con- 
stitution, and subsisting on scanty herbage, with good 
flesh and excellent milking properties. Their prevaSliag 
colour is black, with deep orange on those parts that are 
naked ; horns long and white. 

The Olamorgans, chiefly found in Glamorganshire, are 
good dairy cattle, but have latterly been much crossed 
with heavier cattle, such as Herefords and shorthorns. 

The Castle Martins are a useful black race, mostly 
found and valued in their own particular neighbourhood. 

CHANNEL ISLAND CATTLE. \ 

These are usually known as " Aldemeys," but should 
properly be described as Jersey and Guernsey cattle, as 
they offer somewhat marked distinctions in colour. They 
closely resemble the Ayrshires in appearance, but their 
milk is distinguished more for its rich quality than its 
quantity. 

Jersey cattle are usually silver grey, dark grey, fawn 
or smoke coloured, shaded almost to blackness on the 
haunches, flanks, and neck ; nose black, with light hair 
around. 

Ouemsey cattle are of various colours, with white 
noses. YeUow, red, and white are the prevailing colours. 
Of the four bulls between two and four years old, ex- 
hibited at the Bath and West of England Show at Exeter 
this year (1879), three were red and white and one 
yellow and white. This breed, too, has attained a very 
considerable size in the hands of experienced breeders. 

SHEEP. 

British sheep are classed according to the length of 
their wool into longy short, and middle woolled breeds, 
although other important distinctions may be observed, 
such as the weight of the fleece, the quality of the 
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mutton, the colonr of the legs and faces, and their fitness 
for certain distinct localities. 

Long-wooUed sheep have a heavy fleece and carcase ; 
mutton coarse and fat, especially on the back, with white 
legs and faces. The principal are the Leicester, Lincoln, 
Cotswold, Eomney Marsh, and Bampton breeds. 

Short-wooUed races yield a light fleece and carcase, and 
mutton of excellent quality. Their faces and legs are 
dark brown or black; they will bear conflnement in 
folds, and are best adapted to high and dry situations, 
such as the chalk downs in the South of England. 

The principal breeds are the South Downs, Hampshire 
Downs, Oxford Downs, Kentish Downs, Norfolk and 
Suflblk Downs, Dorset-horns, and the Cheviots. 

Mountain and Forest Eaces, — ^Dartmoor and Exmoor 
sheep ; Welsh mountain sheep ; the Herdwickes of Cum- 
berland and Westmoreland; the Heath sheep of the 
North ; the Limestone or Crag sheep of part of "Yorkshire 
and East Lancashire ; the Lonks, and the Morfe sheep 
of the Longmynde, a district in Shropshire. 

PIGS. 

Professor Darwin lays it down that all known breeds 
may be traced to two groups. One, the Bus scrqfa 
group, descended from the common wild boar ; the other 
descended from the Oriental pig (Bus Indica), 

Be this as it may, and the evidence is somewhat 
conflicting, it is perfectly certain that judicious selections, 
shelter, ample supplies of nutritious food, and in most^ 
if not all, cases, judicious crosses, have produced what 
may be called ** studs " of modem pigs representing 
everything worth preserving in the many local breeds 
which were once identified with almost every county. 

The following list will include the best known breeds 
of English pigs : — 

White Pigs — ^viz.. Large, MiddU, and Small Breeds — 
Yorkshire, Cumberland, Leicester, Sufiblks. 
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Blaek Pig$^MiddU and 8mdU Sreid^^B^AMf^f 

Improved Essex, Soffolki. 
iM Pi^-^smmxVb or Bteffoidsbife Breed. 

The large, fniddle or xfiediton, a6d sinaD sfe r^re- 
senied bj Bomething Hke the ibHoiring heights :^^ 

Large fireed 600 lb. to 1000 lb. 
Me£am ,, 400 „ „ 500 „ 
Small „ 200 „ „ 800 „ 

Of the foreign elemeni in our imprbved breeds there 
are strong reasons for believing that the best of our 
small white priok-'eared breeds owe something to a 
remote eross with the white Ohinese ; While the hap^ 
introdaction of a paif of Neapolitans by Lord Westeni 
nearly ninety years ago led to a permanent improre- 
ment in our blaek breeds, espeeiaJly in the fissex and 
Berkshire. 

HOBSBS* 

Horses are bred to show points most sdiable fer 
their varions kinds of work. Thus the common cart 
horse may be divided into three kinds, viz. : — 

(1.) The heavy massive dray horse^ sometimes 17 

hands high, reared in the rich marshes and 

plains of the Midland Oomities expressly fof 

the London brewers, found in the greatest 

perfection in the fens of Lineolngih£s, and, 

as seen in the London streets^ the largest 

horse in the world. 

(2.) The smaller-sized bat still tolettkbly heavy kmd 

oi horse — strong, compact, bnt slow id 

action — ^generally emplc^ed tout agrienltoiUj 

pnrposes. 

(8.) A more active and lighter antinat, With some 

admixture of a lighter breed, or perhaps tiie 

descendants of the Flando^ Coach-horse. 

The Sinffolk Punch is a well-known bteed^ much 



esteemed far agrienltnra] purposes, posseBsing the oom- 
bination of strength, compaetness, and activity more 
highly than any other breed. 

Clydesdale Hones have rapidly risen in the estimation 
of the pnbHc, and are said to be descended from Dutch 
mares crossed by the native breed. They are very 
powerfnl, extremely active, and stand 16 hands high. 
An account of the various breeds, other than for farm 
purposes, being out of place in a work on agrionltnre, it 
is purposely omitted. 

Best Kind of Stock for various Farms. — ^It is an 
admitted point that certain kinds of stock are suitable 
for different localities and purposes. 

Experience shows that peculiarities of climate, soU, 
and herbage, exercise a powerful influence on the capa- 
bilities of certain races. Thus the hilly districts of 
Wales and the Highlands of Scotland suit the mountain 
breeds of both cattle and sheep; the rich lowland 
pastures of the Midlands bring the shorthorn and the 
heavy-bodied races of sheep to the greatest perfection ; 
the comparatively dry soil and climate of the Sastem 
counties fit them for the Norfolk and Suffolk races i and 
the Bevons thrive in the mild, humid climate of their 
own county. The Shorthorn is admitted to be the most 
valuable breed we possess, and shows the greatest powers 
of adaptation to different soils and situations. 

In addition to the best kind of stock to be selected for 
any particular farm, the a{ie and condition of the ahimds 
are iniportant points for consideration. Stock are apt 
to decline in condition very materially if transferred to 
a ehmate and soil infe^or to that to which they have 
be^ accustomedi 

The best cows for milking purposes are Shorthorns, 
Ayrshires, and Irish Kerry cows-^though the selection 
will be modified according as butter or cheese is required* 
If the former, for increasing the quality of the butter 
Channel Island cattle are unsurpassed. 
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For grazing purposes Shorthorns, Herefords, Devons, 
and Sussex, and Scotch cattle are great favonrites. 

The quality of the land will determine whether grass 
is best fitted for ** freshening," or "finishing" for the 
butcher, for depasturing dairy cows, or rearing young 
stock. Generally speaking, rough pastures and high- 
lying moors are devoted to rearing purposes, the young 
stock being sold or transferred to better keep for find 
growth and fattening. 

Sheep are the most important stock upon light lands, 
mountain pastures, and downs, while bullocks occupy 
the heavier lands and richer pastures. 

In short, whatever may be the system of farming 
adopted, the kind of stock kept must correspond. Some 
farms will have cattle, some will have sheep, some 
dairy cows and pigs, and others with a mixed system 
will require a variety of stock to meet the several require- 
ments of the case. 

The Economy of Good Stock Management — Ordinary 
Rides for the Preservation of Health, — ^The stock on a 
farm is kept vnih a view to profit, and it is satisfactory 
to know that that which promotes the comfort of the 
stock also increases the profit they produce. All im- 
proved breeds require extra care and shelter, as they are 
tender and delicate. 

The proper ventilation of farm buildings is an impor- 
tant point, as the want of pure air induces various 
forms of lung disease. 

The supply of food should be re^ar, and calculated 
to carry on a steady improvement m condition. 

A judicious combination of food will produce more 
fiesh and fat than the same quantity given separately. 
Thus 8 lbs. of beans or 6 lbs. of linseed cake will each 
produce 1 lb. increase in live weight ; but actual experi- 
ment has shown that 8 lbs. of beans mixed vnik 6 lbs. of 
linseed cake will give an increase of 4 lbs. in the live 
weight. The age of the animal and its condition should 
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be also taken into account in this mixtnre\)f food. Young 
growing animals require more flesh-formmg foods than 
those whose frames are matured, and which will con- 
sequently require more of the fat-producing foods ; 
at the same time the necessity for both will be evident. 

Health of Cattle, — Nearly all sick animals become so 
by improper feeding in the first place ; and when we 
consider that the fatting process in former days took 
place at the mature age of five years, whereas now 
two-year old beef is by no means uncommon in the 
market, it will readily be understood that this forcing 
system lias something to do with the ailments of the 
improved modem breeds. At the same time other causes, 
such as wet pastures, exposure to inclement weather, 
and general bad, or indifferent management, are all 
fruitful sources of disease in cattle. 

66. Principles Regulating the Breeding of Stock — 
The Reproductive Power of Animals, how Strength- 
ened and how rendered Abortive. — ^Experienced author- 
ities state that for the preservation of a uniform character 
a certain degree of selection is necessary. Within recent 
times some of our breeds of domestic cattle have been 
modified by careful and methodical selection, and the 
characters thus acquired are strictly inherited. 

During the process it has occasionally happened that 
deviations of structure more strongly pronounced than 
mere individual differences have been taken advantage 
of, and in this way new breeds, as they may be termed, 
have been established. 

In every district there is a prejudice in favour of the 
native breed, and as every year a certain number must 
be slaughtered, a kind of unconscious selection is even 
here observed, for the animals possessing qualities, what- 
ever they may be, which are most valued in each district, 
will be oftenest preserved. 

The value of particular ** strains " depends on the uni- 
form excellence of the animals that compose them, and 
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an inferior animal in to iliat e^^tani an evidanoe against 
ihe excellence of his pedigree. 

Bespeciing the reproductive power of animals, it is 
well known ttiat constant intermingling of the same blood 
will render their productive powers very feeble. In- 
stances have been known where the ccmstitution, though 
carrying the outward points, was too feeble even to 
support existence, and early death ensued. Similar con- 
ditions appear to a£fect even the mental feusulties, ac- 
cording to some authorities. A breeding conditi<»i is also 
often injured by excessive feeding, and while excessive 
fat diminishes the progeny, excessive leanness makes the 
progeny good for nothing. 

The delicacy of constitution in breeding anin^als is 
remedied by introducing fresh blood from another herd, 
always remembering thieit a pure male is likely to leave 
stock more like himself than his ancestors. 

67. Pedigree Influenoe, how Ii^tensified and how 
l^uoed — Good and Bad Qualities, bow Controlled. — 
<* Pedigree," as explained by Professor Tanner, ^* de- 
pends entirely upon a fuller devel<^ment of the principle 
of * like producing like ' by which cattle produce stock 
posssessing the character of Uieir predecessors, whether 
good or bad. The character of a breed becomes mere 
and more concentrated and confirmed in a pedigree 
animal, and this character is rendered more fully heredi- 
tary in proportion to the number of generations through 
which it has been transmitted. By the aid of pedigree, 
purity of blood may be ensured and a systematic plan 
adopted by wliich we can perpetuate distinct families, 
and thereby obtain a change of blood without its being 
a cross. It is evident that any one adopting a systematic 
arrangement will be able to do this more effectually than 
any other without this aid." 

It is admitted that the m^ element is more power- 
fdl than the female — a circumstance of much importance 
in the hands of good breederSi for by the use of an 
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wiaal pm^Bmni ih» losured pomts a whole herd may, 
m lamQ, he modiled m the required direotioa, and this 
may again be reduced, when desired, by meana of an 
animal wh^se teod^cies in this parifasular are of a less 
iNroBonneed} at eniirehr negative charaeier. 

68, Meaof finr Mai&tainiBg Ckmititoliimal Vigwir. 
•9-^The aeksdwledged plan U the infuaion of freeh blood 
from a amtable mA equally pure ertrain. Without such 
a dbe^gei bieediog from a limited stock oannot be 
maintaiaAd witiionit a deterioration in constitution, size, 
a^ ppwefs.^to^tility, 

89, Katy of Type, how estBUiihei in Haw Breeds, 
•r-i^i^ of type is aeqainad by matching individual ani- 
mals aod escMing iboaa ci an opposite character, and 
sanr^ounding then with specially &voiirable conditions. 
** When inftl^uals of the same variety, or even of a dis- 
tinct variety, are allowed freely to intercross, uniformity 
ct character! or fixity of type, is ultimately acquired." 
By judicious pairing of even cross-bred animals it is 
practicable to establish a new breed. For instance, the 
Jmpmved Ssaex pig owes its excellence to repeated 
crosses with the Neapolitan, together, probably, with 
m>mQ infusion of Chineae blood. 8o with our British 
aheap ; almoat all the raeas have been largely crossed, 
axcept the South Downs, 

70. Oiffiuraiiee of Breeding: lA«id*in and Breeding 
in the Line. — Breeiin^ in-and-m means too dose inter- 
breeding from members of the same fiamily • The pairing 
of a father and daughter, a mothw and son, or brothers 
and sisters, if carried on for several genwations, is the 
closest possible form of interbreeding. 

Bre$dmg in M# Uns means breeding from selected 
aninialfl of pure and 8^»arate families, all descended 
directly from a eommon ancestry. 

71. Eesults from each Preeess. — Breedim^ in-and-in 
fdll ennoble the stock, and impart fixity of type or 
** character," but, in effecting this, great care is neces- 
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sary on account of infertility, loss of size and constlta- 
tional vigour, sometimes accompanied by a tendency to 
malformation. 

Breeding in the line is a system adopted at once to 
keep up the pnrity and to impart fresh constitutional 
vigour, by the infusion of fresh, but equally pure blood. 

The celebrated Improved Essex breed of pigs, raised 
by Mr. Fisher Hobbs, was maintained in perfection for 
more than twenty years by judicious selection from the 
three dxeUrict famiUes into which he divided his stock. 

72. Causes of Barrenness in Male and Female.— 
Breeding in-and-in will in time produce barrenness, and 
it is asserted that there can be found no instance of a 
breeder who followed this practice during his whole life. 
A celebrated authority * states that by strictly breeding 
in-and-in with pigs, the seventh generation in many 
instances failed to breed; in others they produced few 
that lived, and of the latter many were idiotic, without 
sense even to suck, and when attempting to move could 
not walk straight. 

Bates's herd of Shorthorn cattle was esteemed the most 
celebrated in the world, and though he had the most ex- 
. alted notion of the value of his own stock, within seven- 
teen years, after thirteen years of close interbreeding, he 
thrice infused fresh blood into his herd on account of ikeir 
lessened fertUity, Sterility also is known to result from 
changed habits of life^ though these cases are acknow- 
ledged exceptions. A breeding condition is often injured 
by excessive feeding, and excessive fatness diminishes 
the progeny. Excessive leanness diminishes fertility, 
and, as a rule, the progeny is good for nothing. 

73. Loss of Size in Pedigree Stock. — This is a result 
of breeding in-and-in for too long a period, and can be 
remedied, as other faults from the same cause, by change 
of blood and varied conditions of life. 

* Mr. Wright, Journal of Koyal Agricultural Society, Vol. VII., 
1846, page 204. 
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Climatic conditions of an unfavourable nature will 
reduce the size of high-bred animals in addition to the 
deteriorating influence on their other qualities. Food 
of a less nutritious nature than the animals have been 
accustomed to will tend to reduce the size of the progeny. 



CHAPTER X. 



74. On what is the Special Aptitude of Various 
Breeds for different Coiiditions of Soil and Climate 
dependent ? — This is largely determined by the capabih- 

. ties that such breeds and their offspring possess, not 
only to adapt themselves to their altered conditions, but 
also to maintain unimpaired, or nearly so, their special 
characteristics. 

75. Influence of Soil and Climate on the Stability 
of a Breed. — Some breeds undergo considerable changes 
if the conditions of soU and climate are very much modi- 
fled. Our massive dray-horses, in a cold, damp, moun- 
tainous region would soon decrease in size. Horses 
that have run wild in the Falkland Islands have lost 
much of their size and vigour. In a few generations 
sheep lose their wool in tropical countries; while of 
those brought from the torrid zone not one has eVer 
lasted out the second year in the Zoological Gardens. 

On the other hand, Merino sheep bred at the Cape 
of Good Hope have been found far better adapted for 
India than those imported from England . The continent of 
Australia has been stocked with European domesticated 
animals, which have increased to an enormous extent. 

Some animals, however, are apparently incapable of 
flourishing under seriously altered conditions. Thus 
European dogs do not succeed well u^ Ind^a, aand no one 

9 
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has there sneceeded in Jceepmg the Newfoundland dog 
long alive. Climate also affect^ the fertility of certaiQ 
breeds. 

76. PnnoiplM of Aodimati^ation.— It has been see^ 
that a serous difference in soil and climate will in time 
alter the characteristics of an established breed. Nor 
are these deviations to be wondered at when we remem- 
ber that in most breeds many of their peculiarities are 
primarily induced by climatic influences and the nature 
of their food. 

The distribution of groups of species on the earth 
and their limitation to deflnite areas is distinctly trace- 
able to a great law of nature. From these definite 
areai? they have not extended, a| a genera} rule, beyond 
a certain point. 

Nevertl^eless, under the influence of man, some may be 
removed from their ow^ habitat, and Qot only exist 
and flourish, but even desjoroy the indigenous species, as 
seen in the myriads of wild horses inhabiting the Soutli 
Ap^erican plains, descended from a few introduced by 
tne Spaniards a few centuries ago^ and which have 
thrust out other animals once inhabitmg that district. 

Asia is the centre of a large number of important groups 
cf quadrupeds that have in course of time spread over 
most parts of the great Continent, and that have even 
been transported to ^^erica, to the destruction of native 
tribes. It may be inferred that climate and the nature 
of the pasture in the different districts of Britain have 
induced corresponding differences in the cattle. Abun- 
dant food given for many generations directly affects the 
ji^ of a breed, and the climate affects the thickness of 
the hair and skin, for the cattle which inhabit the 
more humid parts of Britain have longer hair and 
thi^l^er skins fiian other British cattle. Mountain and 
lowland breeds of cattle, too, offer such marked distinc- 
ticais of shape and proportion as suggest at once theii 
fitness for the several situations they occupy. In a 
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general way snccessfdl acclimatisation may be said to 
depend on the maintenance, or only slight modification, 
of size, fertility, external covering, and proportions, and 
general well-being of animals nnder the catered condi- 
tions of climate and soil. 

77. Special Kp^^lren^pi^ts for making Land either 
a Good vaitj tmfBL or a Oood Sheep F^xm or a Good 
Grazing ^arm.-rTAli kinds of gr^ss denve their chief 
value fi'cm the quality of the sou on which they are pro- 
duced ; they are more nutritious on rich land than on 
poor soils, ^d they are materially influenced by its state 
of wetness or of dryness. Although most kinds of grasses 
will grow on various kinds of land, yet they all have 
their favourite ground, and if transferred from the soil on 
which they spontaneously vegetate to one of a different 
nature they lose much of their hardiness and durability. 
Land devoted to dairy purposes is usually that producing 
natural pasture of a good, but not nepessa^y best^ 
quality, tor experience ha^ very decidedly shown that no 
food is comparable with that of ordinary nutritious 
grass for the production of butter, cheese, and milk of 
superior quality and flavour. 

Useful additions to such fanns are uplands and coarse 
pastures for turning out the young growing stock, when 
such are not disposed of as veal to the butche^. 

The thin soiled uplands of the downs ^ mountain- 
ous heathy pastmre ^e generally known as sheep fyrms. 
The turnip and barley cropQ are essential features, the 
cultivation of which is materially benefited by the 
treading and manuring of the fiocks. Sheep on snch 
lands are usually of the smaller breeds — South i)own, &c. 
— small of carcase, and with a close but short coat of 
fine wool. Most of these are polled, bnt some, as the 
Dorset breed, have horns. 

On good grazing lands the best quality of grass is 
devoted to '* finishing," and the man who has fertile 
meadows or rich marsh lands may fattei^ bi^ocks aa 
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large as he can find them. Large steers, abready 
forward in condition, may, in six or eight weeks, on 
first-rate grazing land, be transferred from second 
quality into prime beef fit for the batcher. Land of 
lower quaUty will graze or fatten smaller steers, heifers, 
or *'barreners," though the latter are not usually equal 
to young stock in point of kindliness to fatten. 

Among other plans of fattening cattle on such farms 
is that of turning the grazing steers into the best pas- 
ture and stall-feeding them during the close of the year. 

78. PrincipleB regulating Special Feouliarities, such 
as Early Maturity, Bapid Induction of Flesh and 
Fat, Growth of Wool, and Frodnction of Milk. — Early 
Maturity, — ^In the feeding of animals for the butcher, 
the grand object has been to establish the supremacy of 
the digestive organs over that of the nervous and respira- 
tory systems. This not only affords the capability of 
extracting the utmost quantity of nourishment from the 
food, but the systematic confinement observed, in course 
of time, has induced a small lung and inactive sluggish 
liver— circumstances tending very much to the formation 
of fat, though not to the healthiness of the individual. 

Among other constitutional differences Professor 
Simonds states that in the Shorthorn breed their per- 
manent incisors appear six months earlier than in that of 
the Welsh and Highland hardy cattle. 

The rapid production of flesh follows from abundant 
supplies of food containing nitrogenous substances — 
albumen, caseine, and fibrine — ^whose special functions 
are to repair the waste of the body and to promote 
muscular growth. 

Fat is produced from the non-nitrogenous substances 
in food — starch, gum, sugar, and oil — which also assist 
in maintaining the heat of the body. 

T?ie growth of wool in this country is looked upon as a 
secondary consideration, compared with the development 
of tfeo carcase. At the sapxe time, conditions fayour- 
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able to th^ general health of the sheep will act corres- 
pondingly on the quality of the wool, for if the animal 
be fed with such an abundance of succulent food as to 
unusually increase its growth, the nourishment .thus 
given also increases the length and coarseness of the' 
pile. When sheep get into poor condition the pores of 
the skin contract, and permit only wool of a very fine 
fibre to extrude; when the food once more becomes 
abundant, the pores again expand, and permit the 
passage of a larger and stronger fibre. It is important, 
therefore, to avoid all such conditions and hardships in 
order to ensure that uniformity of character in the quality 
of the wool usually known as ** evenness of fibre," 

In composition wool is nearly identical with that of 
hair and horn. When burned it leaves only from one 
to two per cent, of ash. In a natural state wool con- 
tains from nine to eleven per cent, of moisture, a vari- 
able and considerable amount of oily and fatty matter, 
and a large proportion of sulphur. 

The Production of Milk, — As young animals live and 
thrive for some time on milk alone, it must be evident 
that it affords all the substances necessary for nutrition, 
and for this reason milk has been termed a '< perfect 
food." 

The secretion of milk is important, not so much to 
the parent as to the offspring for whose nourishment it 
is destined. It does not carry off from the system any 
injurious product of its decomposition,"^ for it bears a 
remarkable analogy to blood in the combination of sub- 
stances which it contains. It has been found that when 
the secretion of milk has been once fully established, it 
cannot be suddenly checked without producing consider- 

* Being secreted from the blood, anything of an injurious ten- 
dency will react on the milk. Thus worrying and over-driving 
milch cattle affects the quality of their milk. Extreme grief am 
rage have been known to turn the milk of the human mother to a 
poison, resulting in the death of the nursing child. 



110 PRINCIPLBS OF AGRICTTLTURB. 

able disturbanoe of the general system. The various 
acts of secretion in the living body are completely 
removed from the influence of the will. Milk is secreted 
by the jnammary gland, whic^ absorbs the materials from 
the blood. This gland consists of a number of lobule^s 
or small divisions closely bound together !)y £brous 
tissue ; to each of these proceeds a branch oi the milk- 
ducts, whose ultimate ramifications terminate in a multi- 
tude of little follicles (little pits or bags) at)otii the size 
(when distended with milk) of very fine pin-holerf. 

We may attribute the excellence of our cows, with 
tegard to their milking qualities, partly to ihe continued 
selection of the best milking animald, and partly to the 
inherited effects of the increased action of the secreting 
glands, A wonderful difference may be observed if we 
compare the udders and their powers of secretion in 
cows which have long been domesticated, and in certain 
breeds of the goat in which the udders nearly touch the 
ground, with thepe organs in wild or haif-dofnestieated 
animals, A good cow with us yields daily more than 
£ve gallons^ whilst a first-rate animal^ kept, for instance, 
fcy the Uamaras of South Africa,* "rarely yields more 
than two or three pints of milk daily, and should her 
calf be taken from her she absolutely refuses to give 
any/' 



CHAPTER XL 



79. Inflnenoe qt Breed, Olim^te^ Soil, Food, and 
Shelter upon the Prodnotion of Wool, as affecting its 
Fibre, its Even Character, its Felting Power, and the 
ftnuttity produced. — Sheep ha^e oeen domesticated 
froin a retj early period.' Almost e^ety e6nntry has its 

♦ Anderson's Travels in South Africa, p. 318. 
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own peoaliar brded, and many conntries have sereral 
breeds differing greatly from each other, and the deveral 
reuses have become adapted to different kinds of pasture 
and climate. Yonatt has remarked, " In all the diffeteiit 
districts of Great Britain we find yariotis breeds of sheep 
beantiftdly adapted to the locality which they occnpy. 
No one knows their origin ; they are indigenons to the 
Boil, climate, pasturage, and the locality on which they 
graze ; they seem to have been formed for it and by it." 

Different races of sheep present constitutional differ- 
ences in size, fleece, period of dentition and gestation, 
and capability of witiistanding altered conditions of life, 
in which latter respect they are more susceptible than 
any other domestic animal. 

Great heat seemi to act directly on the fleece, Euro- 
pean sheep imported to the West Indies, after the third 
generation, lose the whole of their wool 6xce|)t over the 
loins, and the animal then appears like a goat wUh a 
dirty door-mat on its back. A similar chtoge is said to 
eiccur on the West Coast of Africa; All fleeces consist 
naturally of longer and coarser hair, covering shorter 
and softer wool, and the change it undergoes is probably 
a case of unequal development. 

Slight Differences in Climate or Pasture are khown to 
affect the Fleece, — ^This may be seen in fioft Australian 
wools, and has been observed in different districts in this 
country. In Germany, the Merino sheep are bred and 
valued almost exclusively for the fineness of their wool, 
and the result corresponds with the labour bestowed on 
their selection. " An Austrian fleece has been produced 
of which twelve hairs equalled in thickness one from a 
Leicester sheep." 

It is a well-ascertained fact that the flbre of wool 
becomes coarser in the case of highly-fed animals, while 
on such as are mainly dependent on the natural or 
spontaneous production of the soil it is of much finer 
quality. 
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The sheep in a state of nature inhabits the dry ele- 
vated pastures of temperate zones, and their internal 
economy enables them to take in a considerable bulk of 
the somewhat innutritions herbage of such districts. 

All conditions tending to lower the animal system, 
such as exposure to heavy rains, snow-storms, severe 
and continued frost, without shelter, scanty food, and 
unnecessary disturbances, have a tendency to impair 
the quality of the wool. 

The ** Bulletin Association of Wool Manufacturers " 
remarks that « There is, perhaps, no defect which 
renders wool, and otherwise good wool too, so abso- 
lutely useless for manufacturing, and especially for comb- 
ing purposes, as tenderness, or breechiness. Except, 
however, possibly in cases where neglect and misman- 
agement have been the rule for generations, it is not 
hereditary; nor is any breed of sheep more liable to it 
than anotiier." 

**Low condition in the flock, followed by more 
abundant supplies of food, causes the extremities of the 
wool fibres to be stronger than their centres, and the 
wool upon the slightest strain snaps in the weakest place 
' — ^namely, at the portion which grew when the ^eep 
were in the lowest condition. But nothing is so sure to 
cause a break in the wool, or, indeed, in many sheep, 
a perfect stripping or shedding of the entire fleece, as 
want of water." Good fleeces should have as near as 
possible a uniformity of character — that is, as regards 
fineness, length of staple, density, and softness. 
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CHAPTER Xn. 

80. General Conditions Controlling the Production 
of Milk — ^The Quantity and Duration of the Flow, 
and the ftuality of the Milk. — The breed, the indivi- 
dual characteristics, the £tge, the food, time of the year, 
and the general management, are points to be considered 
as affecting the milking qualities of an animal, both with 
respect to the quantity and the quality of the milk. 

Of the various breeds the Shorthorn, Hereford, Ayr- 
shire, Irish Kerry, and Channel Island races are in 
high repute for dairy purposes, and these may be again 
divided with respect to their butter and cheese-producing 
qualities. 

The individttal characteristics vary very much even in 
the same breeds, instances being quoted of cows giving 
8 gallons of milk per diem. 

Mr. Youatt thus describes the points of a good dairy 
cow : — ** She should have a long, thin head, with a brisk 
but placid eye, be thin and hollow in the neck, narrow 
in the breast and point of the shoulder, and altogether 
light in the forequarter, but wide in the loins, with little 
dewlap, and neither too full-fleshed along the chine 
nor showing on any part an indication to put on too 
much fat. The udder should especially be large, round, 
and full, with the milk veins protruding, yet thin-skin- 
ned, but not hanging loose or tending too far behind. 
The teats should also stand square, all pointing out at 
equal distances, and of the same size ; and although 
neither very large nor thick towards the udder, yet long 
and tapering to a point. A cow with a large head, a 
high backbone, a small udder and teats, and drawn up 
in the belly, will, beyond all doubt, be found a bad 
milker." 
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Food. — ^It is generally admitted that no food is com- 
parable to that of good natural pasture for milch cows ; 
that the quantity of milk thus yielded is greater, and 
that the flavour of grass butter may always be distin- 
guished by its superior richness and flavour. 

The quantity of milk may be kept up and even some- 
times increased by supplies of rich juicy clover, tuf- 
nips with their tops, brewers' graiiis, warm mashes, or 
other food containing much water. ^* It is also said 
that if a cow be liberally supplied t^ith whey, a very 
copious supply of milk is obtained.*' (Johnson.) 

But to obtain milk of the best quality drier food should 
be given, such as oats, beans, bran, oilcake, and clover hay. 

Age. — Two yeai's of age is quite early enough for 
heifers to breed. In many eases they are seldom kept 
after they have produced a third calf, as they are then in 
a better condition to fatten than when older ; but they will 
breed until they are fully twelve years old, and the cows 
after a second calf yield better milk than with the first. 

The Time of the Year. — The period of gestation in the. 
cow is usually 285 days, and the most suitable iime 
for a calf to be bom is from the middle of March to 
ihe middle of April. The calves at this season are more 
vigorous, and there is plenty of grass for their dams. 

General Management. — The following are important 
points to be remembered : — 

A supply of good water at convenient placed, that the 
stock may not have long distances to travel in order 
to slake their thirst. Shelter from cold winds and 
storms, and protection from the stin. Hurrying the 
cattle at milking time overheats the blood and bruises 
their udders. 

Swamps and boggy lands are conducive of disease, and 
the pasturage has a deteriorating efTect on the quality 
of the milk. Allowing the cows to ** run dry " a suffi- 
cient time before calving is amply repaid by the rest to 
the constitution, the vigour of the calf, and the full 
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flow of milk after calving. A period of from two to 
three months is usually considered necessary, but six 
weeks is oftener the time allowed. 
. 81. How to Increafle fhe Oil of Milk for Batter 
Pairieil, and also the Cutd of Kilk when Cheese is 
ifequired. — ^The same food which promotes the formation 
of fat will in a inilch cow increase the oil of milk in the 
butter; such foods are linseed cake, linseect, barley, 
tndian corn meal, and some turnips. 

1 lb. of oil-cake per day gives an increase of 1 lb. of 
milk, or about one-tenth of a gallon, and increases, 
besides, the richness of the whole. 2 lbs. a day will still 
farther increase the quantity of milk, but will give a 
peculiar flavour to the butter. 

To increased the cheese-making properties of milk, food 
should be given containing a large supply of gluten, 
which is very nearly the same in composition and pro- 
pertied as the curd dt milk — pease, beans, vetches, clover, 
clover hay, with oil-cake. According to Professor 
johzfson, the feeding with whey thickened with meal or 
grains is said, in the State of ^ew York, to have increased 
the yearly produce of cheese from a single cow Upwards 
6f one hundred lbs. 

62. ActiolL 6f Heat, as in the iProcess of Scalding 
liillt. — ^The principal constituents of milk are held to- 
gether hj a very feeble affinity, and readily separate. 
When flew milk is allowed to stand, the butter or oily 
matter rises to the surface in the form of cream, and in 
about twenty-four hours the whole forms a thick mass, 
and may be separated with very little loss. The separa- 
tion of the cream is accelerated by using shallow vessels, 
for thereby the surface is increased, and the most favour- 
able temperature is about 6° to. 56^ Fab. Devonshire 
clotted or clouted cream is made by heating the milk, 
and the process has a considerable cjffect on its flavour 
and consistence. The pan containing the milk is placed 
over a clear fire, which quickly causes the whole of the 
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cream to rise, carrying with it the coagulated albnnien, 
and probably a portion of the curd. The cream thus 
produced is very thick, and is easily formed into butter, 
even by merely stirring it with the hand. 

83. Inflxience of Food and Exercise upon the Yield 
of Butter and Cheese. — The flavour of the milk is influ- 
enced to an important degree by the food consumed. 

The herbage of low, shady, and watery situations, as 
already observed, produces an inferior quality of milk. 
Mangels increase the quantity of sugar, but given in ex- 
cess the milk derives an excessively disagreeable, pungent 
flavour. Turnips and cabbage increase the yield, but 
often render it extremely offensive. On the other hand, 
carrots and parsnips enrich the milk without imparting 
any disagreeable flavour. A small quantity of crushed 
oats, or barley meal, given with other food, improves the 
quality, and is considered an economical a(Idition when 
milch cows are stall fed. Experience has shown that 
stall-fed animals will do with the grass of a very much 
less quantity of land than when depastured, and the 
practice is quite compatible with the production of the 
finest quality of milk. 

Exercise is essential to milch cows which are stall-fed, 
from the liability of the animals to take sores in their 
knees and feet ; but at all times the secretion of milk is 
much encouraged by peaceful, undisturbed surroundings, 
where the animal can placidly take its food and quietly 
rest whilst that food is undergoing the necessary changes 
for conversion into milk. 

84. Peculiar Influence of Irrigated or Sewage 
Grass upon the Dairy Produce. — ^According to Pro- 
fessor Church, such grass is " sometimes more watery, 
and occasionally rather saline. In rare cases the hay 
keeps less well, and acquires, if it does not at first pos- 
sess, a faint sickly odour and taste. But the influence 
of sewage grass, properly grown, on milk has been 
exaggerated." 



CHAPTER Xni. 

86. Food — Chemical Hatters preaeat in vaiiotu 

Kindt of Pood, in Itilk, Green Pood, Hay, and 

Com, &&, &C. — The composition of milk will vary, on 

analysis, with food, age, health, and especially with the 

(Pig. 9.^ 




Thin disc of cowa' milt, tho 120th of ao inch in diameter, mag- 
nified 400 times in ita linear and 160,000 times in its superficittl 
dimensions. Tlie butter globules are floating in the serous fliui} 
OHt of which cheese is formed. 
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time which has elapsed since the hirth. The following 
results in milk are from analyses by Playfair, Peligot, 
Henri, and others : — 



COMPOSITION OF MILK. 


Buttor 


Woman. 


The Gow. 


Ew0. 


TIhe 
Goat. 


The 

A8§. 


M^re. 


8-55 
1-62 
6-5 
0-45 
§7-« 


4*37 
1-54 
5-76 

mi 


8-13 
4-48 
4-77 

87-Ss 


46 
4* 

8*8 
-6 
87- 


4-3 
4-5 

5-0 
0-68 


8-33 
4-03 
5-28 
0-58 

9(l'« 


0-11 
1-82 
6-08 
0.34 

9rs5 


1-63 

8-75 
9&*63 


Cftselne •>•■• 


Sugar 


BaltB 


wi^. ;...:.. ..;:... 




100-00 


100*00 


100-00 


100-00 


100-00 


IQQ-pO 


^Qd-QO 


IQQ-QO 



^AZiTBB9 OF aBBBST VQDDSB CBOFS JUST 9^^QS| 

FLOWBEINQ.* 



Bioh Pasture Gnus-.. 
Italian B^e Grass .... 

Ol»en Bye 

Green Oats 

Mixed Oats andl 

Vetches ./"• 

Bed Clover 

AMke Clover in\ 

Flower J * 

Sainfoin In Flower.. 

luceme «* 
>foU „ 

^cttohes „ 

[j^^Seans ,, 

lit^. pftiibage 



II 



4-4 
3-6 
^•3 
9'3 

3-4 

33 

3-3 

3-3 
4-5 
3-5 
3-5 
3-8 
3-0 
2-5 
1-5 



Fat. 



1-0 
0-8 
0*5 

0-4 

0-7 

p-6 

0*6 
8-0 
6-5 
5-5 
8-5 
5-5 
4-3 
2-0 



Crude 
^bre. 



4*8 
7-1 
7-9 
6-6 

5-4 

4-5 

4-5 



3-5 
5-5 
4-3 
3-0 









I 



9-6 
13-1 
10*4 

8-8 

6*4 

7*0 

6-1 

8-3 
90 
8*0 
6-0 
5*2 
7-5 
3-6 
5-3 



Ash. 



2*3 

2-8 
1-6 
1-4 

1*4 

1-5 

1-5 

1^ 
2-0 
1-5 
1-5 
1-0 
1*5 
1-5 
1-2 



»4 

9 

I 



Total. 



* N.B.— l^hese an^aas were made Just l)«lodre flowerbig, in 

order that the plants might be taken at the time they contained 
most nourishment, viz., just before the commencement of the 
formation of the seed. 



FOOD. 



119 



ANALT8£S OS* DIFFEBENT EINDa OF HAY. 

• 




Meadow Hay (good) 
.» *» (prime) 
BedClovei:,, (good) 
White „ (middling) 
Alaike •• >. 




Fat. 


Crude 
Fibi-e. 


Extractive 

Matter 

free from 

Nitrogen. 


Aflb. 


• 

1 




11-7 
13-5 
13-5 
14-8 
15-0 
13-3 
11-2 
9-5 
10-2 


2-2 
2*6 
2-9 
8-5 
3-3 
2-5 
3-2 
3-6 
2-7 


21-9 
19-3 
24-0 
25*6 
27-0 
27-1 
22-9 
28-7 
30-2 


42-3 
40-9 
37-1 
33-9 
32-7 
34-2 
40-6 
391 
36-1 


70 
7-7 
60 
60 
6*0 
6-3 
7-8 
5'$ 
6-5 


15-0 
16-0 
16-5 
16-5 
16-0 
16-7 
14-3 
14-3 
14-3 


— 100 

— 100 

— 100 

— 100 

— 100 

— 100 

— 100 

— 100 

— 100 


Sainfoin 


Italian Bye-grass ... 

Frenoh „ 

Perennial „ 



ANALYSES 


OF DIFFERENT 


KINDS 


OF COEN. 




Wheat 


II 
S3 


Fat. 


Chrude 
Fibre. 


Extractive 

Matter 
free from 
Nitrogen. 


Ash. 


• 

1 




13-0 
110 
10-0 
12-0 
100 
22-4 
36-5 


1-5 
2-0 
2-5 
6-0 
6-5 
30 


3-0 
3-5 
71 
9-3 
5-5 
6-4 
9*4 


66*4 
67-4 
63-9 
55-7 
62-1 
52-5 
45-9 


1-7 
1-8 
2*2 
2'7 
1-5 
3-4 
81 


14-4 
14-3 
14-3 
14-3 
14-4 
14-3 
14-5 


— 100 

— 100 

— 100 

— 100 

— 100 

— 100 

— 100 


Bve 


fiarlev 


Oats 


:|[aize 


Peas 


Beans 





86. The BiffereiLt Materials necessary for the 
Cbowth of the Body. — ^The term food or aliment may be 
applied to all those substances which, when introduced 
into the living body, serve as materials for its growth, 
or for the repair of the losses which it is continually 
sustaining. Animals deprived of these materials diminish 
in bulk and strength, and death at last takes place after 
sufferings more or less prolonged. The demands for food 
are increased by anytibing which increases the general 
energy of the system ; and the food of animals always 
consists of substances which have undergone organis- 
ation. 
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All proper foods contain the three foUovring prin- 
ciples : — 

1. Nitrogenous, plastic, or tissne-forming elements, 

which bnild np and repair the waste of the 
body. 

2. Bespiratory elements, which keep np the animal 

heat. 
8. Mineral substances, which contain minute sup- 
plies of earthy and alkaline salts for the bones, 
blood, and muscles. 
Water forms two-thirds of the weight of the body, 
and is both essentially necessary and mechanically 
useful to maintain, by its solvent properties, the flexi- 
bility, elasticity, and smoothness of the muscles and 
tissues. 

87. Maintenance of Heat. — Bespiratory, heat-form- 
ing, or, as it is sometimes called, carbonaceous or 
fuel food, abounds in carbon and hydrogen, and it is the 
combustion of these, by the oxygen drawn into the 
lungs at every breath, which develops -and maintains 
the heat of the body. 

The chief heat-forming foods are starch, sugar, and fats. 
In starch and sugar carbon only is burnt, &e hydrogen 
being already oxidized, but fats contain a large excess 
of hydrogen, and this is burnt or oxidized, in addition 
to the carbon ; the fatty substances of food, therefore, 
maintain a much larger degree of heat than either starch 
or sugar. Though the fats are essentially heat formers, 
they doubtless aid nutrition by combining with the 
albuminous portions of the blood, and thereby increase 
its plastic or tissue-forming powers. 

88. Process of Fattening Animals. — ^In a state of 
rest, or nearly so, as when cattle are pastured or stall-fed, 
the supply of food is greater than the waste, in which 
case the fleshy or muscular parts increase by the continual 
accumulation of nitrogenous matters conveyed by the 
blood, and the excess of the non-nitrogenous part of the 
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food, over and above what is required for respiration, is 
converted into /at.* 

Fat consists of clusters of vesicles or small cells filled 
with a yellowish nnctaoas fluid which is secreted into 
and fills their interior. This fluid congeals or soHdifies 
on cooling after death, forming the suet of the butcher. 
The ordinary animal and vegetabb fats are composed of 
stearine, pahnitine, and oleine, and these contain about 
three-fourths of their weight of carbon, the remainder 
being formed of hydrogen and oxygen. 

Although rapid growth and the accumulation of fat 
are opposed to each other, it is very evident that growth 
and fattening must proceed simultaneously in the case of 
most of the animals fattened under our present forcing 
system. It is equally evident that the requirements of 
a young animal put up to fatten will involve a plentiful 
supply of both flesh and bone forming substances as 
well as fat producers. 

The following points are of immense importance in 
the process of fattening stall-fed animals : — 

1. With regard to the food itself : — (a) Amount sup- 

plied ; (b) judicious combination of different 
substances ; (c) regularity both in time of feed- 
ing and the quantity supplied; (d) sufficient 
water. 

2. With regard to the surrounding conditions: — 

(a) Comfort of accommodation; (b) shelter; 
(c) proper ventilation; (d) degree of tempera- 
ture (60® Fahr. preferable); (e) perfect repose; 
(f) thorough cleanliness; (g) partial exclusion 
from light. 



* According to Mr. Lawes, starch and sugar have nearly equal 
fattening powers, weight for weight ; digestible cellulose has, for 
ruminant animals, probably nearly the same value as starch; and 
fat or oU probably about two and a half times the value of starch, 
for the purpose of respiration, or the storing up of fat in the body. 

I 
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89. OoiuititaeiLts tf Yations Xindfl of Food and 

Proper Classifioation. — ^All food may be divided into two 
parte, the morganic and the orgama 

The inorganic parts, termed the ash or mineral, is 
composed of insoluble earthy matters of whieh lime and 
phosphoric acid supply the bone ; salt and phos{lhate of 
soda and others enter into the composition of the blood, 
While salts of potash enter largely into the Juices of the 
animal frame. 

The organic part, or the combustible substances of 
food, may bo classed as the nitrogenised and the non- 
nitrogenised. The nitrogenised portions of food form 
the blood and animal tissues ; the non-nitrogenoUS parts 
maintain the heat of the body and promote the respira- 
tory functions of the animal. The accompanying table 
shows the different kinds of food and their principal 
varieties : — 



• Nitrogenous or Flesh- 
forming. 


ISTon-nitrogenous or 
Besplratory Food. 


Mineral Food. 




IiroBGAmo. 


Organic. 


Albumen 

Caseine 

Flbrlne 

Gluten 

Legumln^ 


Containing 

Oxygen, 

- Hydrogen, 

Carbon, and 

I^itrogen. 


Gum 

Sugar 

Starch 

Peotin 

Fat 


Containing 
Oxygen, 
- Hydrogen, 

Carbon. 


tiime & Phos- 
phoric Add. 
Salt.Carbonate 

of Soda. 
Salts of Potash. 

(Water, Ac.) 


**"KitrogenlBed compounds," "Flesh-formers,** "Alboznenisedand 
f roteine Compounds," all denote the same thing. 



90. Conditions Regulating the Increase of Flesh 
and Fat obtainable firdm aiiy giveii Food or Mixture. 
— ^The nuy'ority of authorities on the subject agree that 
a combination of both nitrogenous and non-nitrogenous 
compounds are essential to promote the healthy perform- 
ance of the functions pf life. 
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The nniritivd value of a food is not alone regulated 
by the amotmt of organic or inorganic substances which 
it contams, but by the relation which they bear to the 
special organisms which they are intended to nourish, 
^e nutritive value of a food, chemically speaking, may 
be thoroughly well known beforehand, but the effect 
-vtrhieh it is capable of producing is partly a physiological 
question, and depends on sever^ other circumstances as 
well. Of these Dr. Voelcker enumerates : — 

(1.) The age of the animals ; for young stock require a 
more concentrated and easily-digested food 
than those of mature age, in order to supply 
muscle and material for rapid growth. Highly 
nutritious food for old may be, therefore, quite 
unfitted for young stock. 

(2.) The varwm kinds of food, A food given to one 
animal may not be suitable to another. Thus 
a cow is fed to promote the secretion of milk, 
or the formation of fat — functions belonging 
to the digestive and respiratory systems — but 
such food given to a horse, with its developed 
nervous system, and intended to increase its 
muscular power, may be altogether wrong and 
out of place. 

(8.) The natural disposition or temper of the animal. 
Shorthorns or Herefords fatten better than 
some other breeds, as the Welsh or Kerry eowSj 
and mountain races of sheep, for instance, 
would not stand the regimen that the placid 
Leicester and other heavy races thrive and 
fatten on< 

^4.) The purpose for which the animals are kept. Hard- 
working animals require as much to keep up 
their strength and repair the daily waste as 
would render some animals completely fat 
nnder favourable conditions. 
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(6.) The digestibility of the food^ which varies with 
(a) the kind of animal ; (h) the amount and char- 
acter of the flesh-forming substances ; (c) the 
sum total of flesh forming substances ; (d) the 
bulk of the food ; (e) the form in which it is 
presented ; (f) small proportions of substances 
with which we may not be even acquainted; 
(g) the prejudicial substances which the food 
may contain, tending either to retard the 
nu^tion or flavour the milk or meat. 

91. Increase of Feeding Power by Proper Preparar 
tion of Food. — The preparation of food is a point of 
considerable importance in connection with the best 
modes of economically feeding farm-stock. These pre- 
parations have a two-fold object : — 

(1.^ To facilitate mastication. 

(2.) To change certain principles in order to render 
the food more soluble, juicy, or wholesome — 
changes aflecting the physical or the chemical 
properties of the food, or both. 

The following plans have been adopted: — (1) cut- 
ting the hay and straw into chaff; (2) cooking the 
food; (8) bruising or grinding the various kinds of 
com ; (4) slicing or pulping the roots. All these plans 
are economical, and diminish the quantity necessary for 
nourishment — a most important circumstance to the 
agriculturist. The small expense of the preparation is 
largely compensated by the prevention of waste, and 
from the food being more perfectly digested both by old 
and young cattle, and those whose jaws are in a bad 
condition. For cattle, stalks and roots should be cut 
thick and broad, and for sheep long and thin. Boiled 
or steamed foods are not, as a rule, necessary for cattle ; 
the flrst, second, and third stomachs act as the kitchen 
range, preparing and cooking the food for digestion. 

92. Conditions Eegulatii^^the Use of Manufactured 
Material cmd Condiments. — Th^ manufactured feeding 
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materials used on a farm usually consist of the various 
kinds of oil-cake, which is the dry, compressed husks of 
seeds from which ^the oil has heen expressed for com- 
mercial purposes, but which still contain a certain pro- 
portion of oil, varying, according to the manufacture, 
from 6 to 12 or more, per cent., together with other 
feeding properties. 

These artificial foods are used to supplement the 
ordinary supplies grown on the farm. In the case of 
fattening animals in a forward condition, and to other 
stock at critical periods, especially young stock, their 
stimulating properties render important service, and, 
judiciously adnunistered, more than overbalance the 
cost of purchase. 

Condiments (Latin, condio, to preserve or pickle) were 
first introduced and advertised as containing a large 
amount of nutrition in a very small bulk, and were called 
in consequence, concentrated foods — a great mistake, in- 
asmuch as the animal economy requires food compounds 
tobe at once complex and bidky, especially in the case of 
our ruminating animals. 

As to their value, it is generally admitted that their 
actual feeding properties are far below their cost, but 
that their general composition (see table) may render 
them useful from their aromatic ^ or stomachic proper- 



f ■ 

OBGAlSnO CONSTITUBlirrS. 


mO^QAm.0, OB ASH. 


Water U.40 


Sand 0.32 

Phosphates 0.51 

FhosphorioAcids in com- \ o rq 
bination with AUoUies / ^'^ 


Oil 4.06 

Albuminous Compounds 11.47 

Sugar 17.15 

Starch 46.90 

Woody Hbre 6.22 


Ash 2.80 


100 



* The aromatio seems to be f enufi^teek, but accompanied with a bitter 
substance, probably gentian. Dr. Anderson has shown that their only 
peculiarity is the aromatic or bitter matters which they contain 
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ties. These oondimeiital foods are mostly mixtnres of 
several different substances, of which fenugreek, eara- 
way, &c,, form part. 

Certainly these mixtures at times do good by giving a 
pleasing taste and smell to the food, and cause cattle to 
eat wi& avidity. With a^ this forcing it cannot be 
wondered at that cattle fall off their fe^ and gat their 
stomachs out oi order — stomachs which are ad^ted for 
rough and almost innutritions substances, and which tete 
neiUier fitted for, nor accustomed to, great quantities of 
concentrated foeding stuffs. The majority of articles 
entering into the composition of some of the cattle 
spices are not only nnnecessary, but really useless and 
expensive ; the simpler they are the better. The following 
is recommended as containing all that is requisite, 
giving a fine aromatic flavour to the food, acting as a 
good tonic, and supplying the alkaline elements :-^ 



CATTLE SPICE. 



Loonst Bean Meal 841b3. 

Indian |Ce^ 2 „ 

Salt 3 „ 

Carbonate Soda 4 „ 

Penngreek, groond 3 ,, 

Carbonate Iron, grouBd 1^ ,, 



93. AdvmtagM Smmltiiig from the Purchase ot 
Food as a Means of Enriching a Fana. — ^Gl^e first 
object a farmer has in view in feeding stock is the pro- 
duction of meat ; the secoi^d is the making of ijaia^arey 
the quality of which, in the first place, is regulate4 by 
the kind of food the animal consumes. 

Nitrogenous foods, such ^.s oil-cakes, produce the best 
quality of manure, and in this way help to repay the 
original .cost, in addition to their great foeding properties. 
The aeeompanyuag table, extracted from estimaticms by 
Mr. Lawes, Tj^ll show the relative approximate Ysixmu 
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of manures obtained by the consmnpiion of one ion of 
various articles of food : — 



« 



Cotton Cake (deoortioated) i.e., with the husk re- 
moved 6 

Bape Cake 4 

Linseed Cake 4 

Cotton Seed Cake (not decorticated) 3 

Beans 8 

Peas 3 

Indian Meal 1 

Oats 1 

Malt I 

Barley 1 

Clover Hay 2 

Meadow „ 1 

Mangel-wurzel 

Swedes 

Common Turnips and Carrots 



£ 8. d. 



10 





18 


6 


12 


6 


18 


6 


14 





2 


6 


11 





15 





11 


6 


10 





5 


e 


10 


6 


6 


3 


4 


3 


4 






94. Good and Bad Systems of Feeding Stock.— The 
flesh and blood of animals consist of the same chemical 
elements as those contained in the vegetation from which 
they are derived, but with a much larger proportion of 
nitrogen and less of ozygen, which constitute^ the prin- 
cipal difference between them. 

The same mineral substances which are essential to the 
production of plants are equally required to form the 
juices and solids of the animal frame. 

The difference between a good and bad system of 
0tock-feeding, therefore, will depend entirely on the 
judgment exercised in the selection and supply of food, 
due regard being given to the circumstances of age, con- 
dition, and other essential points. The proportion of 
the food deposited as fat will depend in part upon the 
surplus which remains after the necessary supply of 
materials has been afforded to the respiratory system. 

From the nature of their stomachs and intestines, oxen 
are adapted for bulky food, and do not require a con^ 
centrated diet. Sheep require a richer diet than oxen, 
and pigs do best on the meal of grain, such as barley 
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or Indian com, as ihey have not the necessary appara- 
tus for dealing with large masses of crude vegetable 
fibre. 



CHAPTER XIV. 



85. Halting of Barley: the Chemical Changea 
Produced. — Malt may be described as grain in which a 
portion of the starch has become changed into sugar and 
dextrine 'i' by an artificially excited germination, which 
is siiddenly checked by the application of heat, when the 
young root of the germinating grain has been sufficiently 
developed. 

It may be made from any of the cereals, but barley is 
generally used in this country. Malt contains a larger 
proportion of sugar and gum than that in the unpre- 
pared grain, and also a substance called diastase, which 
has the remarkable property of changing starch into 
dextrine, and ultimately into grape sugar. The great 
aim in the malting process is to produce this diastase, 
which in a pure state is unknown, germination being 
the only process by which this curious substance is 
obtained. It is generated in the neighbourhood of the 
young germ, and probably results from the partial de- 
composition of the gluten and albumen of the grain. 

96. Composition of Barley in its Influence upon 
the Malt. — The chemical composition of malt and 
barley widely difiers; the variations in the several 



^ Dextrine (C^ H]^q O5 ) is a clear, gum-like substance, prepared 

from starch bv heating, and so named from dexter, the light 
handy because its solution directs a polarized ray of light to the 
right hand when passed through it. 
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properties being Bhown by the following analysis by 
Dr. Thompson : — 



BABLST. 


MALT. 


Gluten 

Sugar 

Gum 

Starch » 


3 

4 

6 

88 


1 


16 

14 


69 


100 


100 



Malt thus contains less starch and gluten but more 
sugar and gum than barley. The amount of diastase in 

malt is very small, not exceeding ^, and for that reason 

has been omitted in the analysis. 

Malting barley should contain abundance of starch, 
and the germ largely developed, a property which en- 
ables it to sprout quickly, an important point with 
maltsters. 

Even ripeness is also a merit, which, however, can only 
be secured by over-ripening, and in this process, unfor- 
tunately, in common with other cereals, a portion of the 
starch is converted into the woody fibre of the husk or 
bran. 

97. Its Action as a Feeding Material. — ^The general 
conclusion which Mr. Lawes derived from experiments 
on this point is, that malt is inferior to barley as 
a feeding material, but that semi-malting either barley or 
wheat — that is, putting- it through all the process of 
malting except kiln-drying, which drives off all the 
water, and greatly inteiferes with its feeding properties, 
gives a more easily digested and nutritious food, decidedly 
superior to either. 

Some years ago, malt, as a feeding material, became 
a subject of much discussion among agriculturists, by 
whom it was described as possessing greater feeding 
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properiles than t] e barley from -which it is prepared. 
Experiments made on rather an extensive scale only 
showed the farmers to be mistaken ; neverthelesSi au Act 
was passed (83 & 84 Vict. ch. 82) allowing << any 
farmer in Great Britain to germinate grain (free of duty) 
to bo consumed by animals/* provided it be neither dried 
nor erushed, and prepared under the knowledge of the 
officors of the Inland Revenue. To show how little the 
privilege is now valued, it may be stated tiiat in 1876 
not more than two persons in ike whole country applied 
for the necessary permission. 



CHAPTER XV. 
98. Belative Value of Vatural and Artificial Orawes. 

— Reckoning meadow hay, of middling quality, as the 
unit, the following table giyes the relative feeding value 
of the different grasses both as hay and green fodder 
cut just ]>efore or during flowering : — 





Hay. 


Green 
Fodder. 


Meadow Grass (good) 

Red Clover (good) 

White „ (middling) 

Lucerne (good) 

Sainfoin 


117 
123 
118 
1-42 
1-12 
1-20 

;-88 

116 
0-89 


0-34 
041 
0-31 
0-38 
028 
0-26 
0-31 
0-36 
031 


Alsike Clover ... (Swedish) 

Yellow „ (trefoU) 

Italian Rve Grass 


Perennial .. 





89. Conditions l^egplating the Fertility of Grais 
I^nil. — Grass lands ^e usually spo]j:en of as paspure 
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and meadotp ; ih0 former is generally of a poor nature, 
and more hilly situation, while meadow land is of 
better quality, generally on cold but strong land, and 
carries thriving grass oi which a part is usually re- 
served for hay. Tbe conditions r0gulating the fertility 
of grass land are many and important, among which 
the following qiay b^ enuiper^ted : — 

Its position. — ^Elevajied pastor^s arensi^ally open and 
dry, the grass nutritious, short, and sweet, and well suited 
for sheep ; in lower and more sheltered situations damper, 
better enclosed, and more fit for depasturing cattle. 

Age. — The piatriz of good turf is ikmned of vegetable 
mould, which can only be produced by time, and there 
is a rich luxuriance in the verdure of a pasture which 
is only imparted by age. 

Variety of Vegetation. — Ifi old pastures herbs of a con- 
dimental or medicinal nature abound which are not 
always present in new pastures, and seeing that the 
catt)i3 take these herbs as they come in season, their 
influence must be si;pposed to be salutary. 

Qeological Features. — On this, which will include 
more or less the chemical and physical condition of 
the land, will. depend both the variety and the quality of 
the herbage tp ^ very large extent. 

Management. — ^Liming and mai^nring (especially with 
]bones) and proper draining are important to keep down 
rank grasses, rushes, and mosses, with other precau- 
t;ions, such 9& grass-harrowing, rolling, &c., in order 
that the land ^y not bi^comd *^ hide-bound " and out 
pf cpndition. 

Coarse rfi^k herb%g^ growing in tnfts round the 
droppings of th^ cattle shionld be cut down ; alternate 
gracing and pi>ymg will prevent their growth by even- 
t^^^ of feeding. Small enclosuries, by enabling frequent 
cbfffxges to be jqbA^, will also t^id to keep the grass 
young, frpsh, and sr^eet. Thistles should be caxefally 
eraciicated. 
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Stocking. — ^On downs and dry uplands it is necessary 
to keep down the coarse herbage by close sheep-feeding, 
and thus prevent a sonr growth ; bnt in the case of 
cattle on richer pastures, understocking is better than 
overstocking, and a change at short intervals is ad- 
visable. 

100. Agencies which cause Loss of Plant. 

1. Stagnant water encourages the growth of 

mosses. 

2. Some kinds of manures and composts favour 

weeds, Le. xniscellaneous herbage, and so 
indirectly discourages the growth of proper 
grasses. 
8. Insects, wire- worms, &c., bore and feed on the 
roots : the consequent porosity must be 
guarded against by heavy i^Uing. 

4. Fungi. 

5. Frosts after early warmth. 

6. Too frequent mowing for hay thins the plant, 

particularly on new meadows. 

101. Change in tiie Herbage under the Action of 
Manure.— Sewage manure is very effective in promoting 
rapid growth. Ammoniacal manures, such as guano, 
soot, sulphate of ammonia, and gas liquor, has a similar 
stimulating effect, but the nitrates, even when applied in 
small quantities, produce a rapid effect, which is soon 
seen in the succulent, luxuriant growth and dark green 
colour of the herbage. Bones, in whatever form applied, 
by their phosphoric acid supply an element of immense 
importance, while the grass grown under both this and 
the application of nitrates is particularly relished, and 
eaten with the greatest avidity by cattle. 

Land that is constantly mown must be frequently 
manured, or it will be thrown out of heart ; for a perfectly 
thick bottom cannot be maintained, and only a slender 
crop of hay grown, without a good coating of manure 
every alternate or third year. 
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102. Prinoiple upon which Haymaking should be 

Eegnlated so as to Preserve the Feeding Properties. 

— ^The grasses which compose the produce of the richest 
natural meadow and pasture amount to between twenty 
and thirty distinct species, and of these there is not a 
month, from spring until the close of autumn, but what 
each, in its particular season, occasions a superior 
luxuriance of growth, and brings them to ripeness. It 
is well known that while the flowering stems are shoot- 
ing up, every species of grass abounds with saccharine 
matter, and as the seeds approach maturity the sugar 
becomes converted into woody fibre, while the gluten 
goes to form the seed. From this it may be clearly 
inferred that all grasses intended for hay lose their 
nourishing properties in proportion to the time they are 
suffered to stand after the period of blossoming. 

The proper time for cutting the meadow grasses seems, 
therefore, to be when the saccharine juices are in the 
greatest abundance, generally about the middle of June. 
if the cutting of the crop be much delayed, the best 
season may also be passed ; the plants become withered 
at the bottoms of their stems ; the roots are injured, the 
after grass is materially lessened in quantity, and the 
land impoverished. 

Principles of Making, — ^The great object is to pre- 
serve the hay for future use in the condition most 
nearly resembling the grass in its perfect state, and 
to retain the soluble portion of the grass in perfect 
integrity. This, however, cannot be perfectly accom- 
plished practically, except by means of artificial heat. 
An analysis by Dr. Thomson shows that 887*5 parts 
of grass by weight form only 100 when made into hay. 
The loss in soUd nutritive matter on a similar quantity 
and the consequent approximation of the tender grass 
to woody fibre is seen by the following table : — 
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e&ias. 


BAT. 


Bdable in Hot Water 


3813 
8-21 


1600 
606 


Soluble in Gold Water 





In the process of haymaking the following points 
should be carefully observed : — 

* i. Preserve as much as possible firom rain and d&Yt. 

for water washes away the soluble daltd alia 

other matters. 
2. Disturb as little as possible in unfavotirabld 

weather : alternate wetting and drying soon 

render the hay worthless. 
8. Overdrying or scorching destroy^ ltd virtde, 

colour, and fragrance; its brittle qualities also 

are a source of lostj and wctste.- 
4. Sufficient drying is necessary to prevent femien- 

tation or heating, a process whichj by tskmm 
' of the albuminous matters present, donveris 

the sugar into alcohol and earbonio aoid^ 

which may ofttimes be deteeted as diiliilaif to 

the odotui in a brewery. 



CHAPTER XVI. 



103. Drainage of Land. — ^The iiecessity for drainage 
and its mode of action have been already alluded to in 
Chapter 71. (49.) 

Although the necessity of riddiiig the latid from ii4 
superfluous moisture seemed to have forced itself upon 
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{he notiee of agricultnrisis at a very early period, the 
adyantages obtained by drainage in its << tiiorongh " or 
most complete form have only been reeognised within a 
comparatively recent period. The first movement in 
carrying out the principle of deep drahuxge was not 
made tHl the middle of the seventeenth century. A 
book published in 1652, by a Captain Blith, entitled 
" The English Improver Improved," or the ** Survey of 
Husbandly' Surveyed," seems to indicate that the author 
had a fair knowledge of the importance of getting rid 
of the ^' bottom water," as in his system the treiich was 
**to go to the bottom of the cold, spewing, moist water that 
feed the flag and ntsh." 

More than a century after, in 1763 or 1764, a Mr. 
Joseph Elklngton, living at Princethorpe, in Warwick- 
shire, acquired considerable notoriety by the discovery of 
a mode of draining, which for a long time was highly 
thought of and extensively adopted under the name of the 
« Elkington system." He practised his art in all parts 
of England with much success, and in 1795 received a 
grant of £1,000 from Parliament — some say £5,000 — 
for describing the principle, on which his practice was 
founded. Mr. Elkington had, by means of much observa- 
tion and a keen intellect, arrived at a very correct 
knowledge of the nature of springs, and the various 
strata of the earth's crust. He showed that '' by cutting 
a deep drain through the clay, aided, when necessary, 
by wells or augur-holes, the subadjacent bed of sand or 
gravel, in which a body of water is pent up by the clay 
as in a vessel, might be iapped and the water conveyed 
harmlessly in the covered drain to the nearest ditch 
or stream." The "Elkington system," when carefully 
carried out, served the purpose intended by it, but was 
mainly applicable to sloping land liable to be " drowned 
by the outbursting of springs," and ignoring as it did 
the greater evils arising from the flow of water over 
the surface, and its stagnation in the mass of the soil. 
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was not of a. natore to most the rMiilrements of a 
perfect Byetem of drainage. The foUoving diagram, 
taken &om a description of his Bystem of drfunage, 
will dearly explain the stratification and sptings referrod 
to:— 

(Fig. 10.) 




A — High porouB ground. I E — Tail of Sand 01 
B— Spring. F— Clay. 

C— Brook. G— Clay. 

" °— ' ir Gravel, ' 



Valleys and hollows of a hasin-like formation are some- 
times kept in a marshy state by springs which are 
supplied by the Bnironndiog higher land. In this case 
a deep drain in the lowest gronnd, reaching the water 
stratom directly or indirecUy by mesne of wells or 
angnr-holes, will generally dry Ihe whole of the swamp. 
In such cases it sometimes happens that beUw the 
upholding imperviooB hed of clay, or whatever it may 
be, there exists, at some distance, a dry, porous layer, 
capable of absorbing any quantity of water which may 
gain access to it. Copious springs in this case may be 
made to disappear by simply boring a passage through 
the layer sapporting the water and turning it into tbe 
absorbent stAtum below. 
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The diagram pig. 11) repreeents snoh a bamOi and 
explahte t^ node is which the drain works. 



(Fig. II.) 




A repTesRnIs the drain which communic&ten with tha 
porous bed C, by mMns of the aug:uc bole at the bottom of 
A. D, diy porotu backs, which absorb the rain sod dia- 
chaiEB themselTes bj the apiliiga at B B, 

In the j'ear 182S Mr. Smith, of DeaoBtone, Perth, Intro- 
dnced his aystfim of so-caJlsd *' thorough " drainage, which 
waa extensivelj' carried out and extended by Mr. Parkes, 
a well-known agrionltnral engineer, who increased the 
intervtil between the fiirrow dmins, and their depth to as 
mncb as four feet. Thia system became known as " deep* 
draining." 

The "combined deep and shallow syetem," is, aa ita 
name importe, a species of compromise between the 
two. The deep drains are laid at a depth of four feet at 
varying distances — eighteen or twenty yards apart — and 
forming an acute angle with these, are shallow drains 
at a depth of two feet, and some eight yards apart. 

At the junction of tJie shallow with the deep drains 
a few loose stones are placed, or the mouths of tlie 
firmer are sloped down to allow the stream to nm into 
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the deeper ohamiek which follow the incline or fall of 
the land. 

(Kg. 12.) 




A— 2 ft drains. 
B--Outfall of 4 ft. drftins. 

There is a sjBtem of drainage, also, which is known 
as tiie " Keythorpe system," which is highly spoken of 
as being both nseful and economical. 

Of ail the systems which have been tried, not one 
may be said to be capable of nniform application to aU 
localities and classes of soils ; and before commencing the 
general work of draining an estate, farm, or even a field, 
it is advisable that the depth, distance, and fall of drains 
should first be settled by experiments on a small scale. 

Theory of Drainage, — The rainfall is the primary 
cause of wetness in land. In this country the greatest 
amount of rain falls on the west and the least on the 
east side of Great Britain. 

According to registrations taken at various meteoro- 
logical stations ranging from the North of Scotland to 
the South of England, the average difference amounts te 
upwards of 10 inches per annum. As an extreme cagf^, 
according to Prof. Ansted,* " at Seathwaite the fall is 



* Aosted^s Physical Geography, p. 283. 
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127 inches ; and a few miles off, at Bishopswearmonth, 
in Durham, on the other side of the moors, it is only 17 
inches.** These ^gnies will give an idea as to both 
average and extreme rain£all in this country. 

Of the proportion of riunfall which finds its way 
into the soil it is difficult to speak with exactitude, so 
many circumstances of a modifying character having to 
be considered ; but taking one thmg with another, up- 
wards of 80 per cent, of the annual rainfall may reason- 
ably be calculated as disposed of by percolation. 

Assuming the average depth of rain which falls 
annually on every acre of land to be 25 inches, we have 
some 760 tons of water to deal with, annually passing 
downwards, and carrrying with it more or less fertiliz- 
ing matters detached from the soil. 

With respect to the question of drainage, soils maf 
be classed in two great divisions — (1) light free soils and 
subsoils, and (2) clay soUs and subsoils. As water readily 
percolates through free soils, they may be considered as 
self-draining, and, in fact, are only wet when the drainage 
is interrupted by water working npfr&m below, owing to 
the presence of an impervious stratum which prevents its 
escape in any other tlian an upward direction. 

This diffltient or efflicent water may be got rid of by 
tapping the springs on Elkington's principle and leading 
them off by cross drains, or passing them through into ft 
porous stratum below. Drains on light porous soils 
may be placed at wider intervals than on those of ft 
more retentive nature. 

Clay soils and subsoils offer considerable resistance 
to both air and water, and require the drains to be cut 
much nearer to each other. The contraction, cracking; 
and pulverisation of the soil caused by the more frequent 
breaks in the continuity of the clay strengthens thsrt 
** reciprocal action " which parallel drains at frequent 
intervals are known to exert on each other. This actioi^ 
is stiU further facilitated by deep cultivation. 
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Puftdozical as it may appear, water etUen a dram 
from, beltm and not front above. This will account for 
the fact that where both deep and shallow druns occur 
in the same field the deep drains ran first and diBcharge 
more water than the shallow droina. The following 
diagram (Fig. 18) illuBtratea the action of drains. And 
(Fig. 13.) 




here it may be observed that it is only in degree that, 
the action differs in retentive and free soils. A, repre- 
sents the coltivable section freed fixim water by the 
action of the drains. Section £ is the part wet from 
c^illary attraction, C is the part which is snper-satnr- 
ated by water, constitnting the "reservoir." The line 
B ia the water table or level of the zone of anper-satni* 
ation, and I> is the water-bearing atratnm below which 
the water fails to force its way. 

It will be clearly aeen that deep dnuns which carry 
off the water in the zone of snpersatnration will rednoe 
the water-table to a lower level, and so deepen the dry 
section which the Toota of plants are ready to penetrate, 
bat which they refuse to do when the land is water- 
logged Land which i% wet may be asnally known by 
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its '* eold ** character (mists hang round such districts 
after clearing off from drier localities, and snow remains 
longer mthont melting) ; the presence of certain weeds, 
water-grasses, rashes, and sedges; the bleached, un- 
healthy appearance of the grass in pasture; and the 
stunted, blighted condition of straw on arable lands. 

Subsoil ploughs (Figs. 7 and 8) were invented to facili- 
tate drainage, deepen the cultivable section, and encourage 
the downward growth of roots to the deeper layers of 
the soil. The subsoOer is intended to break up and stir 
the close, hard soU below the farrow, which is often 
rendered impervious by the tramping of horses. In 
fact, the greatest possible benefit is derived from the 
breaking up of these hard, gravelly '< pans," called in this 
Instance ''indurated pans." ''Calcareous pans" are 
sometimes formed by lime, which, in sinking through the 
soU, forms a hard substratum — a formation which is 
much encouraged by shallow cultivation. 

" Moor-band pans " are hard ochreous deposits formed 
a few inches below the surface on heath lands. These 
require to be broken up, as they are quite impervious to 
water, and in some instances so impracticable that the 
plough will run upon them as upon a sheet of iron. They 
are caused by the accumulation of salts of iron in the 
tissues of the heath, and great strength is generally 
required to break them up. 

Trench ploughing not only stirs the subsoil but brings it 
up and mixes it with the soil on the surface. Where 
the subsoil is of good quality, it is a means of improving 
thoroughly drained land, but on soils of poor quaHty 
great caution should be observed in thus bringing to the 
surface materials of a useless or possibly injurious nature. 
The safer plan is to gradually deepen the staple by deep 
ploughing in the autumn, in order that the winter's frost 
may remedy any unwholesome properties in the thin 
layer of subsoil thus brought up. 

104, Chemical and Physical Properties exerted 
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upon the Ck>il and Subsoil. — The great object of 
draining is the improvement of the eondition of the 
land. To be perfectly Bacoessfdl the conditione are 
(1) that the rainfall shall qoiekly sink to the level of 
ihe drains and be carried off ; (2) that the finely-divided 
portions of the soil shall not be washed away, but that 
the water shall be filtered before entering the drain ; and 
(8) that the improvement made shall f^ect the soil to 
the necessary depth. These conditions secured, we have 
as the consequence an increased temperature of the soil, 
by which crops mature with greater rapidity, togeth^ 
with an increased fertility and better adaptation for all 
kinds of cultivated crops. 

When air is totally or partially exeluded by &e pre- 
sence of water stationary in the soil, slowly decaying 
ttiatters form acrid and injurious products ; but a suffi- 
ciency of oxygen causes complete combustion or decay, 
and generates both carbonic acid and ammonia for ap- 
pr^riation by plants. 

The carbonic acid acts upon the mineral matters of 
the soil and assists to bring them into a condition 
available for plants, while the oxygen converts the in- 
jurious organic compounds into othei's of a more useful 
form. 

The drainage of land also gives an outlet from the 
soil for any soluble matter which is injurious to vegeta- 
tion. Wet lands are '* cold " because the heat of the 
sun in falling upon them is expended in the evaporation 
of the stagnant water, and in the process much heat is 
required. Evaporation may take place at low as well 
as high temperatures, but the same amount of heat is 
required to volatilise or change into vapour any given 
quantity of water. Calculations have been made which 
shpw that in order to evaporate the water from 
an acre of undrained land an amount of heat would 
be required equivalent to the burning of from 200 to 
800 tons of coal per annum. 
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In addition to the heat abstracted by the evaporation 
of water in undrained soila, other physical properties 
oombiQe in reducing iheb temperature. 

One of these is the low-conducting power of water. 
The sun*8 rays may heat the upper layer of water, but 
being lighter thali the colder water beneath, it remains 
on the surface, and the heat foils to penetrate the soil. 

At night, or when a cold breeze sweeps by, the re- 
verse action ensues, for the water, rendered cold on the 
top, descends by an interchange with the hotter water 
beneath, which, in its turn, being cooled again, sinks ; 
and thus the whole soil becomes quickly reduced to the 
same temperature as tibe^ e^cterdill^'^i^he^^tsof 
plants freqttei^1>ecome'ohilled. 

- Wiater also xadiaiies its own heat &eely into fe^ace,*"^ 
and hence a watery soil is quickly cooled in a cold 
night by the heat given off into the colder atmosphere. 

On the othw hand, when soils are drained to a suffi- 
cient depth the condition of the soil with regard to 
temperature is entirely altered. The redundant water 
does not stagnate, but is Immediate^ carried off. The 
beat contained in raindrops is higher than that of the 
air, and this is communicated to the soil. The in- 
creased porosity of a drained soil attracts a largjr quaaitity 
'of aqueous vapour, thus prev^^^'"ihe parclugog of 
plants to a larg^HttEld&ir'^A new magazine (^ -nieiMmftot 
is op^Sb^'t^lo the roots of {daats^^^e^iabiing the air 
and carbonic acid to„ realjft ^i lower parts of ihe soil, 
its injurious ingredients are rendered innocuous, and the 
useful substances liberated. 

To sum up briefly, thorough draining has the following 
effects : — The temperature, or, as we may term it, the 
climate of the soil is raised ; porosity for moisture, 
though not for wet, increased ; disintegration is effected, . 
'and ntitritive soluble substances liberated ; atmospheric 
gases absorbed ; injurious compounds in the soil so far 
altered as.to be pofsitively beneficial to vegetation. 
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105. Bespeetive Aotiom of Water in Motioii and 
when Stagnant. — Stagnant water prevents tiie ad- 
mission of air, which canses an imperfect combustion of 
organic sabstances, and this, from the insufficient supply 
of oxygen, generates organic componnds of an acrid 
nature and highly iigurious to vegetation. Water-logged 
land slowly absorbs but quickly radiates heat, thus 
keeping the land " cold " and comparatively unproductive. 
It will be thus seen that stagnant water not only acts 
poriUvely to the detriment of the land, but negatively ^ by 
preventing the benefical action of the sun and air. 

On the other hand, water in motion is followed by the 
atmospheric air with all its vivifying influences — ^warmth 
to the soil and subsoil, from the heat contained in tbe 
rain-water (at least in the season of active vegetation) ; 
ammonia, carbonic acid, and nitric acid which it has 
absorbed from the air during its fall.* 

Baron Liebig, in his '* Natural Laws of Husbandry," 
thus describes tiie action of water in a state of motion : — 

" If we regard the porous earth as a system of capil- 
lary tubes, the condition which must render them best 
suited for the growth of plants is unquestionably thus, 
that the narrow capillary spaces should be filled with 
water, the wide spaces with air, and that all of them 
should be accessible to the atmosphere. In a moist soil 
of the kind affording free access to atmospheric air, the 
absorbent root fibres are in most intimate contact with 
the earthy particles ; the outer surface of the root fibres 
here may be supposed to form the one, the porous earthy 
particles the other wall of a capillary vessel, the connec- 
tion between them being effected by an extremely fine 
layer of water." 



* Professor Way states that in the ^rs 1855 and 1856, no lew 
than 6*83 and 8*31 lbs. respectively of nitrogen,in the form of nitric 
acid and ammonia, were deposit90 per acre, by the rain and snow, 
exclusive of the quantity aepo«Kt(M in dew and fogs. 
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CHAPTER XVn. 



106. Irrigatioii. — ^The first and simplest method of 
flooding land oontigaons to rivers was by making a weir, 
or temporary dam, across the latter and ciltting an outlet 
into the npper part of the land to be flooded, by which 
the water was spread over the surface of the dry ground 
and either allowed to sink or remain to be evaporated 
by the expedient called warping, or by making drains 
to carry it into the stream at a point below. This 
process was called irrigation. 

This expedient of ttie agriculturist arose at a very 
early period in hot climates — in the south of Spain, 
Persia, China, and Egypt, but mostly for the growth of 
vegetables and com crops, and has also been found 
beneficial in temperate clunates for assisting the growth 
of grass and increasing the bulk of hay. 

la olden times, in this country, every acre of land 
which could be irrigated was accounted doubly valuable, 
it being a very material object to increase the supply of 
winter fodder, for hay was then a scarce and valuable 
article, reserved for saddle horses only, and but scantily 
in use among the generality of light-land farmers. At 
this time, however, the custom has fallen much into 
disuse, and irrigation, in a great measure, has become 
superseded by tide introduction of green crops, such as 
clover, rye-grass, sainfoin, vetches, &c. The cultivation 
of these invaluable forage plants, with the addition of 
roots, not only enables the farmer to keep a greater 
number of live stock, but the alternation of forage and 
grain crops predisposes the land to yield evezything 
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more abnndantly. The practice of irrigation, followed 
in certain convenient localities, usually repays the labour 
bestowed upon it by a fresh bite of spring grass, a 
supply of rank pasture in the autumn, and a certainty 
of glreen feed even in the driest summer. 

The English counties that excel in irrigation are the 
following: — Wiltshire, with its water-meadows on the 
Avon ; Hampshire, with its meadows on the Avon, Test, 
and Itchen ; Dorsetshire, possessing some 6,000 acres of 
irrigated lands, including some very rich in Blaokmore 
Yale, watered *by the river Stour; Gloucestershire, which 
has rich meadows irrigated by the Severn, Avon, ajid 
Leddon; Worcestershire, whose meadows are adjacent to 
its numerous rivers and small streams, and sometimes 
also watered by canals which bring the water £rom a 
considerable distance ; Devonshire, which has its hill-side 
or catch meadows on the borders of its principal streams ; 
and Berkshire, which possesses valuable tracts along the 
banks of the river Kennet. 

As these include all the counties looted for water- 
meadows, it will be seen that but a small portion of 
England has this kind of meadow at all. Instances 
certainly may be found in other districts, but these are 
mainly the introductions of wealthy landowners, and 
carried out by way of experiment. 

107. Tarioufl dualities of Water Employed.-T-It 
is remarkable how valuable the application of water 
is to land when properly applied. By means of irriga- 
tion,, lands have been raised to the highest degree of pro- 
ductiveness from the lowest degree of sterility. 

That fertility arising from irrigation is sometimes the 
result of manurial matters in the water is proved by 
analysis : still muddy or turbid water generally pro- 
duces inferior results compared with limpid waters, which 
are often the richest. 

Water containing much iron is bad, and should be 
avoided ; also those which contain much bicarbonate of 
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chalk or of chloride of sodiam (salt). The plants which 
grow in the neighbourhood or in contact with the water 
afibrd very trastworthy evidence of its properties. As 
a rale the water is of excellent quality if water-cresses, 
the aquatic ranunculus, the pond weeds, and the speed- 
wells grow near it. Water of middling quality may be ex- 
pected where the wild mint grows. Slum outifolium or S. 
augustifolium ; but if no plants save the mosses and 
sedges are observable, the quality of the water may be 
considered bad. Another important point is the soil 
over which the water flows. That flowing over marls, 
or BQppUed from the drainage of low marahy land with 
ft good subsoil, or that flowing over the surface and 
penetrating to the roots of the grassy turf on hilly sur- 
faces, is good for irrigation, but inferior for this pn^fose 
when rising through thiek beds of sand, flowing from 
moaee. or peaty aoUs, from bare hiUaides and mountain 
ranges, or from lakes with sandy margins and edges 
surrounded with reeds and rushes. 

Water from deep wells and springs is rarely good, 
but the lonffer it is subjected to the action of the atmo- 
sphere the better it is. 

In iXMlfy water rarely has a distinctive eflect upon 
good vegetation, the difference between a good and bad 
water for purposes of irrigation being the difference 
between their fertiUsing properties. Even where water 
is decidedly inferior for the purpose, the bad qualities 
are got rid of by the action of the air, and flowing over 
~ a soil of good quality. The well-known fertilising quali- 
ties of the Nile have been proved by Dr. Voelcker to be 
due chiefly to the suspended matter in the water, shown 
by analysis to consist of mineral and organic substances 
in a highly-divided and most effective condition. A 
specimen of Nile water taken at high-flood contained an 
amount of organic matter in suspension, which, when 
deposited on the land, would generate gradually 800 
lbs. of ammonia i^ every 1,000 gallons. 
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108. Mode of Action. — ^This is partially regulated 
by the folloTnng attributes of the soil itself: — 

Its powers of absorption should enable it to imbibe 
and retain a large quantity of water for a certain period 
of time only. 

It should possess constituents which readily enter 
into combination with the fertilising properties of the 
irrigating water. 

Its physical condition should be such as to admit the 
atmospheric e£fect8, and yet afford a firm root-hold to 
plants. It must also be borne in mind that heat, air, 
and light are indispensable agents in the development 
as well as in the maturation of plants. In a low tem- 
perature, secluded from fresh air, or kept in darkness, 
they become inactive, or languish and die. 

Applying these hcts to irrigation, it is found that a 
thin layer of water trkkUng contirmously over the grass 
thickens the sward^ by increasing the number, and pro- 
ducLog a simultaneous production of blades, rather tiian 
by exciting the premature growth of the stem ; and 
sweetens the herbage, because there is a constant and equal 
growth at the bottom. From a consideration of these 
points, it appears that irrigation prompts the development 
of grass by defending it from the cold air, by its generation 
of heat, and by its free admission of every ray of light. 

The manurial properties in a given quantity of water 
are smaU ; but by repeated application these accumulate 
in the soil, partly by infilti*ation, partly by chemical 
combination, and are taken up by plants when the water 
is not applied to the soil. Ammonia, carbonic acid, or- 
ganic matters, carbonates of lime, magnesia, potash, soda, 
and sulphur are all held in suspension by water. 

It is a remarkable fact that swampy land, which bears 
very little else than rushes, flags, and IJie coarsest grasses, 
if laid into form and irrigated, becomes as fine pasture 
as any other drier and firmer soil, provided that no 
water stagnate upon it — ^that is, that it be weU drained. 
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No theory accounting for the effects of fMi,re water — 
that is, water in its ordinary clear and limpid condition as 
distinguished from sewage — ^in raising the fertility or 
productiveness of grass lands, has yet heen generally 
received. The question is to be entertained as one 
partly of physics and partly of chemistry, and offers a 
field of interesting experiment and research. j 

109. Duration of Flow. — ^The following extracts from 
the ** Journal of the Bath and West of England Society '* 
are from Professor Tanner* s paper ** On the Practice of 
Irrigation :" — 

** The season may be said to commence at the 
end of September or the beginning of October. During 
October, November, and December, the water is applied 
as freely as possible over the meadows. The supply of 
water may be kept on the land at this time of the year 
for two weeks, and then turned off to other ground for 
three or four days. The rapidity with which the land 
is flooded must depend on the quantity of water to be 
disposed of, and the extent to be watered. The object 
should be to keep a Mn coat of water passing gently and 
continuously over the sufface," 

'*If very early food be wanted for ewes and lambs, 
some of the ground may be laid dry for use in the 
early part of February, or even in January ; by the 
first of March a large proportion would be ready 
for feedmg. The water will, of course, be kept up as 
described, until a week or ten days before the sheep 
are turned on the ground, thus giving the grass every 
opportunity of makmg its growth and tibe land of getting 
firm and dry for stock." 

'* All the ground which is fed off before April may be 
watered and fed again before laying up again for grass. 
As a rule the meadows are fed down and laid up for 
grass about the first of May; but this system is open to 
objections." 

** As soon as the meadows are clear of h^y, the water- 
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ing may again commence, but the water must not be 
kept on as long as previously. A week is the usual 
time, but when the white scum appears, we may know 
that the water has been kept on too long. In this way 
there will probably be a good cut of grass ready in five 
or six weeks. Tins crop being cut and secured, no time 
is lost in commencing the irrigation, but as the weather 
gets hotter, so we are obliged to be content wi^ shorter 
waterings.** 

** The growth, however, is more rapid now than at 
any other time, and by alternately turning the water on 
and off for two days in succession, we have an incredible 
rapidity of growth. This produces a valuable aftermath, 
which is fed during the months of August and September; 
after this the meadow gutters are thoroughly examined 
and cleaned, and the land is ready to recommence the 
duties of another year." 

HO. Relative Adyantaget of fhe Vairious Systenui 
of Distributing the Water. — The system adopted in 
laying out and forming irrigation land will be decided 
in pf^ by the character of the stream which has to 
yield and carry off the necessary supply of water ; and 
the chance of economicctl tuecess of any plan of irrigation 
will be partially regulated by the nature of the ground 
to be watered, and the manner in which its natural 
facilities are taken advantage of by the engineer. It 
sometimes happens that a part may be irrigated by the 
adoption of one plan, while another may present facilities 
for working a simpler and cheaper system ; in such cases 
the opportunity to consult economy for the sake of 
establishing uniformity should not be neglected. 

Where the object is to utilise stream or river water, 
the usual plans are two — ^first, the ridge and furrow 
system or ** bed- work;" and, second, the ** catch-work " 
system, where the utilisation of town sewage is the 
object aimed at. In the latter case, another distinctive 
feature has also been effectively practised, viz., the " pipe 
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and hose" Bycftem of distribntioii, which is usually 
Worked by means of steam. The '* ridge and furrow '* 
system is usually adopted in localities where the ground 
is flat, as in boggy, marshy lands, and lands adjacent to 
rivers. Here the necessary fall has to be given by 
special arrangements, often involving considerable outlay 
— in some unfavourable and extreme cases amounting 
to as much as £90 to £40 per acre. 

Illustrations of the ** ridge and furrow " or ** bed- 
work " system are given in Figs. 14 and 15* 

(Fig. 14.) 




The land is laid out in a series of ridges which carry 
along on their summits the irrigating channels, A A, 
from which the water flows over the sides when the 
drains B B at the lower parts take and carry it off. 

(Fig. 15.) 




In Fig, 15 the main feeder is shown at C C, and 
the channel D D leading off the waters after they have 
traversed the surface of the irrigated land. 
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The ** catch-work gysiem " is chiefly if not only avail- 
able where there is a considerable fall, and direct advan- 
tage is taken of the natural inclination of the ground — 
a very small fall indeed being sufficient to enable the 
water to flow regularly over &e land. 

The main is filled du*ectly from the stream or river ; 
from the main at the head of the field the leaders are sup- 
plied, by means of little sluice-gates or similar arrange- 
ments ; when the leaders are brimful they run over on both 
sides along their whole length ; the water courses do'vm 
the slopes, falls into the catch drains, and is carried off 
into the bottom ditch, and from thence again into the 
river. 

111. Quality of Herbage. — ^Although liquid manure — 
sewage — ^has been applied to all crops with considerable 
success, and although theoretically nothing can be brought 
againstthepractice, of a strongly condemnatory character, 
still, it has been found that there are circumstances which 
modify very materially the dictates of theory. 

The most important points which have been found to 
be prejudicial to the more general use of sewage are : — 
(1.) The clearing of weeds. The stirring and pulver- 
ising of the soil which should accompany the 
growth of '* fallow crops " are rendered diffi- 
cult and uncertain, if not entirely impossible. 
(2.) The soil is much ** washed" by the application 
of sewage as usually delivered from the hose 
and jet in the case of root-crops. 
(8.) The ** bulk " in manure which is required by 

all clay lands is wanting in sewage. 
(4.) The cereals will not ripen and mature under 

a frequent application of sewage. 
(5.) The tendency of most soils to close up the pores 
and become incrusted under its application 
limits its use to certain times of tiie year, 
and yet town sewage must be disposed of 
somehow at all periods and in large quantities. 
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These circninstances naturally reduce the range of 
crops to which sewage is applicable to forage crops ; 
and of these, grass, and especially Italian rye-grass, is 
in every way best calculated to repay the cost of sewage 
application. The quick-growing grass crop will allow 
the application of fertilising matter as soon as a given 
quantity becomes exhausted. 

According toJ)r. Yoelcker, *' the grass from an irrigated 
meadow is greatly inferior in point of nutritive quality 
to the grass from natural pastures. Even the grass of 
water meadows is inferior to natural produce. Bulk for 
bulk, the poorer the meadow the richer the produce ; 
the more slowly and the more scantily herbage grows, 
the better and the more nutritious it is." 

Mr. J. B. Lawes, on the other hand, states, from 
experiments made to ascertain the effect of sewage and 
ordinarily grown grass upon the milking capabilities of 
cows : — 

'* There is apparently but little difference between the 
average composition of milk yielded from the unsewaged 
and the sewaged grass, whe^er they be consumed alone 
or in conjunction with oil-cake." 

Respecting the quantity of milk resulting from the use 
of sew^ed grass, Professor Way says of the experi- 
ments hied : ** The results show that the quantity of 
milk obtained from the produce of each acre of land 
depended very much upon the quantity of sewage sup- 
plied." See annexed toble : — 



Tons of sewage applied to \ 
end oi November j 

Gallonsof milk— the yield I 
of each acre f 

Value of milk— at 8d. per \ 
sallon J 


Without 
Sewage. 


With Sewage. 


Plotl. 


Plot 2. 


Plots. 


Plot 4. 


360-7 
iBll 13 10 


1503 

562-3 

£13 14 10 


3145 

:807-3 

£26 18 7 


4678 

947-4 

£31114 


^■■•Avaa ...••!•• •••••••. y 
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' With respect to oxen tied up under coirer, and fed on 
ent-green grass alone, the same high authority states 
that, judging from the results of e^p^ments made, 
** grass of the description in question is not adapted for 
the fattening of oxen without the sedition of other food* 
Oxen fed upon unsewaged grass alone gave 4 ozs., 
and those upon sewaged grass 4^ ozs. increase per 100 
Ihs. liye weight per week ; '* whereas feeding on good 
fattening food, such oxen eJiould give ahout 1 lb. increase 
per 100 lbs. live weight per week." 

In the same experiment one of the ten animals fed on 
the sewage grass weighed $2 Ib^ leas at the eonolusion 
than at tibe eommencement. 

112. Belative QualitiM of Saw and daiified Sew* 
ago. — ^The sewage in towns under the modem system 
of drainage becomes so diluted with enormous quantities 
of water as to reduce in proportion its manuria] yalue ; 
at the same time a sanitary e^ is induced by pouring such 
large quantities of sewage into our streams and rivers. 

Town sewage is made up of two classes of substances 
— ** suspended solid matter " and ** matter in solution." 
The elements in town sewage chiefly valuable for agri- 
cultural purposes ar^ : — 

(1.) Nitrogen, which is present as carbooate of am- 
monia» or in combination with orgaaia 
matter. 
(2.) Phosphoric <u^, present as phosphates of limA 
and magnesia, and insoluble and sohibU aa 
phospates of soda and ammonia. 
(8.) Potash, chiefly derived from the liquid portion 
and also from the debris of the pavements 
washed into the sewers. Many schemes 
have been brought forward by which the 
solid portions only are proposed to be re- 
tained for agricultural purposes, leaving the 
liquid residuum, in a greatly purified eondi- 
fiion, to be carried off by streams and rivers. 
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Kone of these schemes, however, have been entirely 
successful, for the simple reason that six-sevenths * of the 
fertilising elements are in the soluble form, and nearly 
all chemical authorities agree that the valuable soluble 
matters cannot be economically extracted from the liquid, 
and the solid parts are, agriculturally, the most worth- 
less. 

'^Waterhasa powerfdl affinity for the soluble and 
best portions of manure, hence the inefficiency of 
costly deodorisers to abstract them from the sewage.'* 
Mr. A14erm.an Mechi, in relation to the ** solid sewage " 
schemes, says : — ** The extraction, in a dry condition, of 
the valuable elements from the sewage, has not yet been 
satisfactorily accomplished, farmers declining to purchase 
the residuum at a remunerative price.'* 

As the earth under sewage acts as a great fixative filter, 
and possesres a stronger attraction even than water 
for th^ soluble matters, it robs the liquor of its fertihsing 
iAgredienta and stores them up for ttie growth of vege- 
tation. We may hence infer that clarified sewage, losing, 
as it does, only its *' suspended solid matter'/ and 
not its ** soluble matters," is very nearly as efficient for 
the land as in its raw or crude condition. 

QmlUy qf Crap$ Qrown uni/ier iu Use.-^Boots grown 
under the application of sewage are watery, Usa 
n^oriabing, «pd deficient in keeping properties. 

The Cereal or Oram Crop9,^-^'i£ Replants have passed 
a certain stage — ^that is, have got into a grassy condition — 
the greater produce obtained is in the shape of straw, not 
of seed. The more the growth is forced in the after 
stages, the poorer is the sample of seed obtained. 

The passes consequently remain as the beat and mo^t 
suitable crops to which sewage may be applied, and even 
here experience seems to point out that quavXiitiy rather 



* Accordiog to Tables by Hoffmann and Will, 
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than quality is the form in which the advantage seems 
to present itself (112). 

The following shows the produce of Italian rye grass 
obtained by liquid manure application : — 

ft. in. 

Ist Cutting, May 22nd a. 2 6 

2nd M June 28th «. 3 

8rd M August lOth a. 3 6 

4th M September 17th ». 2 

Gth M NoTflBiber 13th ..•••••.......• — 1 

liTo 






CHAPTER XYin. 

113. Qrohards and Fruit Oronnds. — ^Xnanagricoltnral 
point of view fruit trees are of considerable importance* - 
The apple and pear trees which form our orchards are 
well known not to be the natural production of any soil 
or climate, the one being a variety of the crab, and the 
other derived from the common wild pear, while the nu- 
merous varieties of the plum can boast of no other parent 
than our native sloe. The native wild crab is subject 
to considerable diversity in the appearance of its leiEives, 
as well as in the colour, shape, and flavour of its fruit. 
By selection and cultivation, all the valuable varieties 
known throughout Europe have been produced; and by 
repeated propagation, new sorts, differing apparently in 
species, accordmg to the climate in which they have been 
grown, have been sucessively introduced into the 
various "countries of the north. They do not come to 
perfection in very warm and tropical climates. 

Although the urt of propagating fruit trees was known 
to the ancients, and was practised in this country by the 
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monks, yet orcharding seems not to have become a con- 
siderable branc h of rural economy in Eiigland till tho 
rei^ of Henry Ym. In this reign Harris, the King's 
frmterer, is said to have planted the environs of nearly 
thirty towns in Kent, and from that time the practice 
-was gradually taken up in other parts of the country. 
The peculiar eminence acquired by the celebrated cidei 
districts of Herefordshire dates from the time of Charles I, 
when Lord Scudamore retired, after the assassination 
of his friend the Duke of Buckingham, to Home Lacey, 
and paid particular attention to ihe culture of frnit trees, 
which afterwards became a favourite amusement with 
the gentlemen of the country. 

Although few farms of any considerable size in the 
country are without an orchard of some sort, yet it is 
only in our southern and western counties that they 
are of sufficient importance to become a material object 
in farming business. The chief cider counties are 
Hereford, Worcester, Somerset, Dorset, Devon, and 
Cornwall, and here the nature of the soil and the aspect 
of the ground are generally attended to. In most other 
districts, however, the trees appear to be treated with a 
reckless disregard of all favourable conditions, being as 
often found open to a northern as to a southern d£ec- 
tion, or to any intermediate point of the compass, while 
the pruning, lopping, and culture are as often left to the 
browsing of horses and cattle upon the branches within 
their reach, and the grubbing and routing of the pigs 
which disport themselves below, when not engaged in 
barking the stems. 

An evident want of judgment, too, must have prevailed 
in the original planters of many of them, for the trees 
appear to have been placed at various distances from 
,each other, more according to whim than the dictates of 
sound judgment. 

114. Inflnenee of Soil and Climate upon the 
Varieties which can be Suocessfolly Orown. — 
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Unless aitention be paid to the proper mAaagemeiit 
of apple and pear trees they Ydll prove in aiany 
eases mere encambrances of the soil, and their strength 
will be spent in the useless production of wood and 
leaves. 

Apple trees will generally grow where the hawthorn 
thrives well ; but it is only under favourable circumstances 
of soil and climate that its cultivation should be exten- 
sively adopted, for in such it will yield, with a little care 
and attention, a more abundant and richer produce 
than could be obtained with the greatest care under 
ehrcumstanees of an opposite character. 

The soil for orchairds should be well drained if wet, 
special care being taken to out off all stagnant Water 
and land springs, for water in contact with the roots 
has a chilling ^ect on the vegetation of the trees. If 
the soil be poor a considerable quantity of com^lost of 
manure and good turfy maiden soil should be a&tfded, 
and lime will prove beneficial where the soil is not cal- 
careous. The greater portion of the compost should form 
a layer about a foot below the surface in order that the 
roots may be diverted from striking too deep ; the nearer 
they are to the surface, where the soil is warmed by Uie 
sun*s rays, the better. A skatnm of coarse stones,^ 
rooky fragments, or the like, under a depth of eighteeli 
inches of soil, is recommended as a fertile medium of 
growth — ^far superior than double the depth of highly 
enriched soil. 

In sandy soils the crops are earlier and m6re com- 
pletely matured than on stiffer land, but for most kinds 
of apples, and the best sorts of pear trees, a deep, rich, 
mellow loam is most suitable, but inferior sorts will 
flourish where the soil will scarcely produce herbage. 

The soil should be sufficiently rich to encourage ^ 
moderate degree of growth, without stimulating the 
plant to premature ezertioUi which always induces 
disease. 
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Hie eituatioii 6f im btchard shonld be the sonthem 
bt BdUth-eastem slope of a gently-rising ground, neither 
too elevated nor too low, for the treed thrive better in 
mod^ately high and open spots than in low situations. 
Shelter from prevailing winds is highly beneficial, but if 
sufficiently high there is less danger from frosts in the 
spring and early summer. 

115. Essential Conditions of Healtiiy Orowth, and 
Production of tMt, — ^These considerations involve at- 
tention to the following points : — 

(1,) Aspect, which should ensure shelter from winds 

and frosts, and exposure to the sun. 
(2.) Soil of proper quality and texture, with 

suitable depth and subsoil. 
(8.) Drainage, in order that all superfluous moisture 

may be carried from the roots. 
(4.) Distance from tree to tree, in order to admit the 
necessary degree of light, air, and heat, and 
prevent crowding. 
(8.) Pruning of both roots and bramhes when such 

bperationd become necessary. 
(6.) Selection of sorts which are specially ^ited to the 
neighbourhood, 

UA. Chemical Conditions ^ich llegulatb the 
B^kdiCn a^d Aipening of Fruit for thd ttauufao- 
i^atb of Oidet and Perry, the Pdtmentation of the 
Jtiice^ and the Freservation of its auality.— Gidet 
tfi diuply the expressed fermented juice of ripe applet, 
and perry is obtained in a similair manner from 
peard. 

The ap^s are ground do^vn iti a mill and thfen placed 
in large horse-hair bags, through l^hich the juice flows 
under the weight brought to bear upon them by the 
eider-press. As is well kno^m, apples vary very much 
in quality and keeping properties, some being suitable 
for cooking purposes, others for table fruit, while a large 
Bomber of varieties are fit only for making cider. 
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At whatever period the mannfacttire of cider is carried 
on, it is always essential that the weather be cold, or 
even slightly £rosty, to counteract the tendency to a too 
rapid fermentation. The fruit should be sufficiently 
crushed as to bruise the seeds or *' pips/' so that their 
albuminous principle may be fully extracted, for this 
exercises a very important influence on the strength and 
flavour of the liquor. 

Cider ought to possess a rich amber tint ; if pale it 
indicates weakness, or a defect in the £ruit. It is said 
that at least two varieties of apple ought to be employed 
— one of a sweet luscious quality, the other rough and 
astringent. Some makers use the produce of an orchard 
indiscriminately, hence the various qualities. 

Selection of Fruit. — The kinds of apples generally used 
for cider are not those suited for the table, as the former 
are possessed of a certain degree of astringency ap- 
proaching to harshness. The strongest liquor is cer- 
tainly produced from fruit of that quality, but it is 
generally ''rough " and " hard," and not usually liked by 
persons unaccustomed to it. The colour of good cider 
fruit is invariably red and yellow, the green affording 
a liquor of the poorest quality. Small apples, if equal 
in quantity, are always preferred to those of a larger 
size, as containing juice of a higher flavour. Another 
important reason is that small apples contain a larger 
proportion of core, for it is that which chiefly impiois 
the fragrance, and cider made from pulp alone is found 
to be comparatively weak. 

Bijpenhig of Fruit. — The fruit should remain on the 
tree as long as is possible without injury from decay or 
frost. The perfect maturity of the juice is an important 
consideration, and such is the susceptibility of apple- 
juice, that the colder the weather, short of actual frost, 
the more quiet and equable will be the fermentation. 
It is advisable that every sort should be gathered 
sepai-atcly, on the finest and driest occasion that offers 
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itself, and kept till perfectly mellow. For this pnrpose 
it is usual to place the fruit in several heaps, about a 
foot in thickness, and fully exposed to the sun and air. 
The evaporation they undergo reduces the amount of 
its wateiy particles, and additional strength and superior 
flavour aro acquired by the process as the further 
ripening develops the saccharine matters. 

Fermentation is a gaseous change that takes place in 
certain substances, and is of l^ee kinds: — Viruma^ 
producing alcohol; the aceUyua, producing vinegar ; and 
the puiref active, which is that spontaneous decay and 
decomposition which is unaccompanied with the 
production of alcohol or acetic acid, and consequently 
has nothing whatever to do with the question of cider- 
making. In distinguishing between the best and the 
rough qualities of cider, the first may be described as 
that sweet mild liquor which can only be obtained by 
careful attention to the fruit and by unremitting 
attention during the process of fermentation, and the 
second that strong, harsh liquor that results from an 
active and perfected fermentation. The latter kind is 
certainly preferred by the people of cider districts, but 
is disliked by others unaccustomed to it. 

The average density of apple-juice is about 1,070 to 
water at 1,000, and this density or specific gravity of 
the juice is the index of its future strength. 

In the manufacture of cider the expressed juice of the 
fruit is in a foul and turbid state, and can only be 
purified by undergoing vinous fermentation. It is, for 
this purpose, put into sound, sweet casks, and in a day 
or two, according to the temperature and the ripeness 
of the fruit, it begins to work or ferment, and with this 
action the critical period of the process begins. Bapid 
fermentation is fat^d to the quality ; and yet so great is 
the difficulty, occasioned by the natural tendency of the 
juice to run iuto rapid fermentation, increased by atmos- 
pheric changes not always under control, that the best 
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and most practised makers vary in their description, 
and are at a loss what process to recominend. 

The common practice of allowing fermentation to pro- 
ceed too far will cause the cider to be harsh and rough 
or "hard." According to Liebig; apple juice '* contains 
within itself the principle of disturbance, when its state 
of quiescence is brought into one of moti(^." 

But, to produce a first-class cider, the maker must 
employ a juice of the greatest possible density, conduct 
the fermenting process to a c^ain stage, and then 
check it at once, and effectually. 

The usual means for checking the fermentation are : 
— (1) boiling the juice; (2) changing the juice into 
fresh casks — « process called ** racking," and which 
separates it from the dregs ; (8) sulphuring or strum- 
ming, which consists of the introdtiotion of the fumes 
of burning sulphur into the partially-filled cask by means 
of a piece of burning paper dipped in brimstone, and 
then filling up the vessel — a process lo be repeated if 
necessary : this is sometimes called '' matched " cider ; 
{4) the use of a small portion of sulphate of potash — a 
drachm will be sufficient for a pipe of cider. 

When the process of fermentation has subsided, the 
cider is usually ** fined " or cleared by isinglass 0t some 
other preparation ; drawn carefully off and turned into 
another cask; and when every symptom of fret is wholly 
subsided, it is then considered fit for market. 

Bottling should take place at the end of a year, a time 
necessary to make best cider fully matured. 

With regard to the manufacture of perry, it is in all 
respects so nearly similar to that of cider, that no further 
description is necessary. The pears which are preferred 
for the purpose require an assemblage of qualities rarely 
found in the same fruit. " It should contain a large 
portion of sugar, or its juice can never possess sufficient 
strength ; and unless it be at the same time extremely 
astringent, the liquor produced from it will become acid 
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t^eiiever it ceases to be sweet. In the latter state 
it -will agree with few constitutions ; in the former with 
none." 

By oarefol attention to the selection of fruit and to 
tile manufacture, especially during the process of fer- 
mentation, a very excellent and superior beverage is 
made in Devonshire, having many of the properties of 
-the fines]; champagne — clear^ sparklingy effervescent, 
Mid df delicious aroma. 



CHAPTER XIX. 



117. diseaies of Plants. — In an agricultural point 
^ vieWj two maili classes of disease may be said to 
exist in our cultivated crops — ^the one arising from 
derangements of the conditions necessary to healthy 
groWthj the other from injuries directly inflicted by 
other of'ganised beings. The first class will comprise 
what may, in a general sense, be considered as internal 
disease; the latter injuries derived from the depreda- 
iions of beasts, birds, insects, or from parasitical 
d^elopment* 

It is very clear that certain conditions of soil> tempera- 
ture, and other inorganic agencies are not merely neces- 
sary to the healthy development of particular plants, but 
Ihat any great derangement of these conditions, or of any 
one of them, is sufficient to prevent their growth. 
These changes are not always open to our senses and 
f^vf^itBci observation, and consequently diseases may 
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be set up in plants which come within onr notice 
without onr bemg able to assign a cause, or suggest a 
remedy. 

The following may be enumerated as points whose 
derangement may seriously affect the well-being of our 
cultivated crops : — ^Temperature, light, air, water, soil, 
and to a certain extent electricity. 

US. Bunt or Smut-ball, Mildew, and Blight in Com 
Crops. — Bunt or smut^ixM^ the most formidable disease, 
perhaps, to which wheat is subject, arises from the 
attack of a parasitical fungus. Tedmically, bunt is 
termed a comomycetous fwngiis (Ghr., a cone mushroom), 
that is, one of a sub-order of sporiferous fungi in which 
the spores or seeds are single. 

Bunt is generated in the ovarium of wheat, and a few 
other of the cereals, at a very early stage of growth, 
before even the ear is free from the sheath. The extent 
to which smut-ball formerly prevailed was sometimes 
quite calamitous ; but effectual remedies have been 
discovered which have very nearly eradicated it by 
destroying the vitality of Uie spores, for they very 
readily adhere and germinate on grains hitherto entirely 
free from their attacks. 

I In years gone by salt, lime, Glauber's salts, and other 
substances were used as '* dressings " for seed com to 
prevent the growth of smut-ball, but the general remedy 
now is sulphate of copper (blue vitriol). 

Blight or mildew, — The editor of the << Gardener's 
Chronicle," in an answer to some correspondent as to 
the nature of blight, says, *'It is a sunstroke or a 
frostbite, a plague of insects or of fungi, a paralysis 
of the roots, a gust of bad air; it is wetness, it ja 
dryness, it is heat, it is cold, it is plethora, it is 
starvation — ^in short, it is anything that disfigures or 
destroys the foliage." 

It may be farther defined as " a generic name com- 
monly applied to denote the effects of disease or any 
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other circumstance which causes plants to wither or 
decay." 

The definition may be applied to different forms of 
mildew, rust, or the ravages of minute moulds and of 
some destructive insects. 

Wheat mildew is due to the growth of a parasitic 
fungus, find, though rare on other cereals, is found most 
extensively on grasses and reeds. Although the wheat- 
crop, be the season what it may, is seldom entirely free 
from its attacks, it is only in such atmospheric circum- 
stances as are favourable to its growth that it arrives 
at such a state as to become injurious. 

119. Finger and Toe, Clubbing and Curl in Boot 
Crops and Cabbages. — Finger and to^ is a disease or 
malformation in the turnip bulb, which, instead of taking 
the usual form of growth, with one main root, throws 
out various appendages. These roots become woody, 
circulation ceases, and the excrescences which are 
formed decay and emit most offensive effluvia, which 
attracts fiies, beetles, and various insects to deposit 
their eggs. In a short time these hatch and fill the 
ex<arescences with maggots and different larvsB. It 
generally arises from some peculiarity of the soil when 
it is not well mellowed, and from injudicious cropping. 
It is a disease which does not occur on well-drained soils, 
and under our improvedrotations is but seldommet with.'*' 
Anbury is but another name for ** Finger and toe," an 
illustration of which in a highly aggravated form is 
given in Fig. 16. 

Clubbing is a disease in cabbages, brocoli, turnips, 
and other nearly related plants, and is caused by the 
larva of an insect. The enlargements at the bottom of 

* Dr. Voelcker, in his Report (1876) to the Boyal Agricultural 
Society of England, traced the disease of Anbury or Fingers-and- 
toes, which did much damage in certan districts, *' to the defi- 
ciency of -available potash and lime in the land upon which the 
turnip-crop was much affected by that disease." 
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the Btenu become tabercnlated with globniav ot elon* 
gated waits (see excreBcencea in Fig. 16), each (^ ifhiol^ 



(Fig. 16.) 




oontains one, or sometimea two, lamb in separate cello. 
The plant in consaqnence becomes unhealthy and pecn 
liarly liable bi decay. It is most prevalent in groimd 
which has repeatedly been eropped with species of the 
brassica or cabbage tribe. 

The asnal remedies are change of cropping, thicb 
dressings of wood ashes, charooaJ, duet, or rtiarl, deep 
trenching, and the nse of quick-lime, and dipping the 
roots of cabbage, brocoli, &o., into a paint compoeed of 
one gallon of fresh soot mixed with 1 lb. of saltpetre 
before planting. 
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Cwrl is a diaease in potatoes, and its appearance is 
thns described in a work on the <* Diseases of 
Potatoes : " — 

'* The enrl is an imperfect formation. Boon after 
their first appearand, the shoots become curled, and 
make but little progress afterwards; sometimes, indeed, 
they disappear altogeth^. Some, however, remain 
nearly stationary, either not producing blossoms at all, 
or only very weaJi: ones, which soon fall off and yield 
no seed* They produce no tubers, or only a few minute 
ones, which are hard and unfit for fi)od. These, how- 
ever, when set, do not always produce plants infected 
with the disease." 

The contraction of the leaves is probably caused by 
the parenchyma * of the centre being multiplied, while 
that towards the margin remains stationary, so that 
they retain their greenness and juiciness, though curled 
and crumpled. In some soils curl does not appear, 
while in others, especially those that are rich, and have 
been long under cultivaticm, it is often prevalent. One 
thing is certain, that some kinds are more subject than 
others to the disease — ^the old variety known as '* Forty- 
folds " being this season (1879) particularly subject to 
curl in the southern counties. 

120. Potato Disease. — Potato disease, or potato mur- 
rain, a moist gangrene, which first became prevalent 
about 1845, is the result of the growth of a peculiar 
kind of fungus. 

It seems to be iuduced by an excessiye degree of cold 
and wet at that period of closing growth, when all bulbs 
and tubers require an increased degree of dryness and 
warmth. If the hyacinth, or tulip, or dahlia be sub-* 
nutted to similar unfavourable conditions,, its bulbs or 
tub^s similarly decay. 

* Parench3nna (Gr. para, beside, and obymos, juice) the cellular 
tiflsaes of vegetables. 



163 FBINCIPLES OF AOKICULIUBS. 

In 1845 the months of July and Angast were unosn- 
ally wet and cold, and early in August were sharp morn- 
ing frosts. The potato stems immediately began to 
decay, but the weather continuing wet, instead of their 
decay being dry, and attended with the usual phenomena 
of their reduction to woody fibre, the putrefaction was 
moist, and the smell attendant upon it precisely that 
evolved during the decay of dead potato haulm partly 
under water. The stems decayed, whilst the fibres con- 
necting the tubers with them were fresh and juicy ; the 
diseased sap, being absorbed by their stiU immature 
and unusually juicy tubers, imparted to them the gan- 
grene, the infection first being apparent at the end 
nearest the connecting fibre, gradually spreading through- 
out the skin of the tuber, rendering it brown, like a 
decayed apple, and lastly causing the death of its interior 
portion. Previously to the final decay the increased 
specific gravity of the potato was remarkable, amounting 
to one-third more than that of a healthy tuber — an 
increase caused by its greater amount of water. The 
potato fungus is usualy classed with a small family of 
parasitic fungi, which, since 1868, has been known as 
Perofisporea. The phenomena connected with its 
growth are tolerably uniform. According to Dr. 
Yoelcker, in his ^'Besearches into the Nature of the 
Potato-Fungus," all are typical parasites in living plants 
containing chlorophyll (the green-colouring matter in 
the leaves of plants). 

** Their complete development is dependent on their 
finding the living organism, with its chemical and 
physical properties, which will afford it a suitable host ; 
and most species are so restricted in this respect that 
they can only grow in certain species, or groups of 
species of plants, but not in others — ^a condition which 
holds good for parasites generally.'' 

121. Canker in Fruit Trees. — This term is usually 
applied to those cases in which a greater or less portion 
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of a tree loses its vitality from some latent disease, and 
wliich,as a rule, ultimately detroys the parent stock. In 
cherry and other stone-fruit b*ees the disease is generally 
called '* gumming,*' from the peculiar character which it 
assumes. 

The unhealthy trees affected with canker exhibit 
branches which wither and die without any apparent 
cause. If the dead portions are removed, tiie disease 
spreads itself to the adjoining parts, and the tree in 
the course of time becomes wholly affected and finally 
dies. 

Certain varieties are far more subject to the disease 
than others — so much so, in fact, that their successful 
cultivation for any length of time becomes impossible 
in unfavourable localities. Several causes have been 
assigned to account for the disease, but it is probably 
caused by lowness of temperature, accompanied by wet 
either above or below the soil. 

As the cells of plants are to an extent independent 
of each other, the causes which' affect one cell, or con- 
tiguous sets of cells, may not influence the rest. The 
health of this isolated part is deranged, disease is set 
np, and ultimately decomposition takes place. By a 
well-known law, decomposed matter existing in contact 
with healthy matter rapidly communicates disease, and 
in this way the adjacent parts become sluggish, and 
finally the whole branch passes into a state of decay. 

122. Woods and Plantations. — ^Woods in this country 
are generally understood to mean a collection of grow- 
ing timber of spontaneous growth. 

Plantations are grounds planted by man for the pur- 
pose of growing useful timber, or for ornamental effect. 

The uses of forests are numerous and important ; 
not only is timber absolutely necessary for every 
description of architecture and rural occupation, but 
growing trees improve the climate, and are supposed 
to exercise an electric influence on the atmosphere. 

H 
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However this may be, the quantity of carbon absorbed 
and the chemical change induced by the surface of 
leaves exposed in a forest cannot fail to affect the 
atmosphere, and the removal of forests alters the 
equilibrium obtained through successive centuries. By 
ite absorbent surface a forest withdraws from the air 
much more carbonic acid than meadows or cultivated 
fields and exhales much more oxygen. 

As conductors of heat, trees prevent radiation both 
of heat and moisture; they check the movements of 
winds and sensibly diminish the cold. The absence of 
wood is a great cause of the aridity of the climate of 
Spain, and many districts in France have suffered from 
clearing ; while instances of the beneficial influence of 
planting and restoring woods are not wantmg in 
Scotland, Southern France, Italy, Egypt, and other 
parts. Forests also affect the supply of water to springs, 
for they protect the fallen rain from evaporation, and 
give it time to sink deep into the earth. 

The following extract from the writings of Professor 
Ansted can hardly be considered an overdrawn descrip- 
tion : — 

" The inevitable result of the clearing away of 
forests over a large tract of country must be, that 
during one season the earth parts more rapidly than 
before with its heat, by radiation ; at another, it 
receives an undue supply from direct exposure to the 
sun. The soil is alternately parched in summer and 
chilled in winter. The precipitation of rain becomes 
less regular. The surface becomes more and more 
exhausted of the elements of a good soil. The uplands 
become rapidly removed by degradation ; the lowlands 
are injured by torrents covering the soil with rocky 
fragments ; the channels of the rivers are choked, and 
their mouths interrupted by bars. A few exceptions 
to this, and the fact that in certain districts the climate 
does not seem to have been seriously deteriorated 
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^iritkin the historic period, do not prevent the general 
conclusions here given from heing correct/' 

Of the native trees of this country, tha*e are only 
about twelve genera and thirty species which attain 
the height and size of timber trees ; and of these the 
Scotch fir, the holly, and the yew are the only ever- 
greens. 

It is generally supposed that many of our timber 
trees, together with several of our cultivated fruits and 
vegetables, were brought to Britain by the Romans or 
the monks of the Middle Ages ; but it was during the 
sixteenth century that plantations began to be ex- 
tensively formed for timber and ornamental purposes, 
and at this time the common spruce fir, stone pme, 
evergreen cypress, sweet bay, widnut, pineaster, 
laburnum, evei^een oak, arbor-vitce, and a number of 
gmaller trees and shrubs were known to be introduced. 
In the seventeenth century many exotics were intro- 
duced, chiefly from America ; and Botanical Gardens 
becoming established in different parts greatly facili- 
tated the introduction of hardy trees. On the authority 
of the Hortus Kewensia (Dr. Hooker) the most 
important foreign trees introduced in iiiis century were 
the cedar, silver fir, larch, horse chestnut, acacia, 
scarlet maple, Norway maple, American plane, scarlet 
oak, weeping willow, balsam poplar. Balm of Gilead fir, 
cork-tree, the black and white American spruce firs, 
with many others of dwarfer habit. 

In the eighteenth century nearly 500 foreign plants 
were introduced, but about three-fourths were cdirubs, 
and more than half the number were natives of North 
America. The timber trees consisted chiefly of oaks, 
pines,, poplars, maples, and thorns. At t^is time nurseries 
for every plant in demand were established, and the 
taste for planting foreign trees rapidly spread amongst 
the great English landowners. Early in this century, 
the spirit of planting on a large scale for profit began 
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to awaken in Scotland, and through the examples of the 
Dake of Athole, the Earl of Haddington, and oilier Scotch 
noblemen, planting became very general throughout that 
country. 

During the present century extensive and very valu- 
able additions have been made both to our list of shrubs 
and timber trees, particularly in the conifersB or cone- 
bearing tribe. These have mostly been brought from 
North Amercia and the Himalayan Mountains. 

As living objects, trees have always been considered 
the grandest which the earth produces, and the origin of 
this respect for trees appears to be coeval with the for- 
mation of the human mind. From the time of the 
Creation, when our first parents were placed in that 
garden where the Lord God made " to grow every tree 
that M pleasant to the sight and good for food ; the Tree of 
Life ahOf in the midst of the garden, and the Tree ofKnow^ 
ledge of good and evil,'' to the days of the patriarchs, the 
expression of feeling, as evinced in Biblical language, is 
but an expression of the current feelings of the present 
day in reference to such subjects. Thus, " The field and 
the cave which was therein, and all the trees thM were in 
the field, that were in all the borders round about, were 
made sure unto Abraham for a possession,^' 

123. Conditions Regulating the Selection and 
Luxuriant Growth of l^ber and Underwood. — (1.) 
A Correct Appropriation of Certain Trees to Particular 
Soils and Situations. — ^A loose, deep earth will grow 
trees of any description ; a poor, dry, gravelly, or a 
chalky formation will best suit the beech, birch, and 
the pines. A clay soil, or a deep clayey gravel, is best 
suited to the oak, and the most profitable tree to plant 
with it is the larch, which feeds chiefly on the surface, 
while the oak sinks its roots down into the subsoil. 
Ash and Scotch elm are valuable timber trees, which 
require a good, deep, loose soil. 

Fast-growing, soft-wooded trees should be placed in 
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moist sitaations, or near water. This class includes the 
alder, willow, poplar, lime, and horse chestnut. 

Cone-hearing, or resinous trees, delight in cold, elevated 
districts with a poor thin soil. 

Broad-leaved Umber trees should be placed on good 
lands. The principal are the ash, beech, birch, elm, 
hornbeam, locust, oak, plane, Spanish chestnut, 
sycamore, and walnut. 

(2.) The relative growth of trees should be considered, 
BO as to afford sufficient space for their development. 

(3.) Nursing when young by the quick growth of other 
plants prevents the more valuable sorts from getting into a 
bushy form. The inferior kinds are cleared as required. 

(4.) Pruning, early and judiciously performed, will 
increase quality, dimensions, and ultimate value. 

(5 .) Protection by fencing, and the usual care and super- 
intendence, are necessary to their continuous growth. 
Thinning will ensure ^^ the survival of the fittest." 

124. The Durability of Timber, how Inoreased and 
how Becreased. — ^This depends on the growth, time of 
felling, and general management. 

One of the most important objects to be kept in view 
in timber management, whatever mode of pruning is 
adopted, is to cause timber to bo rapidly formed. This 
is little known, and, indeed, is contrary to the experience 
of many woodmen. Most people believe that the 
slowest grown timber is the best, and some writers on 
forestry follow the same line of assertion. 

English oak grows sometimes an inch in a year. 

* All plants consist of one or other of two substances 
—the one cellular, the other fibro- vascular. The former 
is composed of roundish cells, the latter of long tubes ; 
both are termed tissue by physiologists. The cellular 
tissue is brittle, with the texture of a mushroom or the 

* Extracts from ** The Theory and Practice of Horticulture!" 
\>y John Idndley, F.R.S. 
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pith of elder : fibro-vascular taBsae is toi^li and strongs 
like hemp and flax. Timber consists of these two tissues 
intermixed, and when it grows slowhf it is more eellular 
than fibro-vascnlar. There is never expansion of the 
flbro-yascnhir parts ; ail that happens is that the aggre- 
gate number of the latter ie increased. 

Thus, suppose a stick an iach in diameter to eontidii 
500 tabes : if it be made to grow twice as fast, it will 
not expand those tabes, bat it will add 500 more to its 
original nomber in the same period. Esculent harba 
and woody plants differ thus — ^the former is composed 
of cellolar substance, and the latter of fibro-yascalar. 
Willows, poplars, &o., are not soft, because they grow 
fast, for they are just as weak when they grow slowly, 
and weaker. 

Their want of strength and dorability arises from 
their inability to eonsolidate their tissaes by depositing 
within them matter of ligni£cation. The system ol 
spring felling is without doubt highly injurious in the 
ease of deciduous trees, for the wood is then full of sap^ 
which not only makes the process of seasoning more 
tedious, but when dried it affords nutrition for the 
growth of the germs of fungi, and this causes dry rot. 
It is extremely doubtful whetiier the value of the bark 
compensates for the injury done to the timber from this 
practice. 



CHAPTER XX, 



125. Farm Buildings. — ^As the buildings of a &na 
are intended for the transaction of many of its most 
important operations, the perfect adaptability of each 
to its separate purpose, to the farm and to each other,, 
will at once appear to be of the highest importance as 
a means of economy both of time and labour^ 
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The site of the farm homestead should he selected 
^th a due regard to aspect, dryness, drainage, water 
supply, shelter, and free air, as a means conducive to 
the healthy condition of hoth man and heast, and 
consequently to the profit of the farmer. 

As regards their extent, they should be sufficient and 
complete; designed to meet the special requirements of 
the farm ; and well built of good materitds to ensure 
durability. If too limited, the necessary accommodation 
is inconvemently restricted, and if too extensive a larger 
expenditure is required for repairs, or the useless 
buildings fall into ruin from neglect. 

With regard to aspect there is a certain point in every 
locality from which, owing to local peculiarities, storms 
are more frequent than from any other. In the 
arrangement of the buildings it is obvious that such an 
aspect should be selected as will afford the best shelter 
under the circumstances. Independently of this, a south- 
east aspect in this country is usually found not only to 
be most sheltered from high winds and driving rains, 
but to be most open to the genial influences of sun, 
light, and air. 

Dryness may be secured by a thorough drainage, and 
may be classed among the improvable conditions of a 
site. At the same time a naturally dry soil will always 
be found more suitable for the erection of buildings than 
one which is retentive of moisture : gravel and clay are 
the two extremes. 

Drainage will improve the condition of even a bad 
site ; and though the relative position of the various 
buildings may be in some instances partly regulated 
by the natural slope of the surface, the system of drain- 
age on the premises should be such as to readily ensure 
that all liquids from the stables, cattle sheds, &c., should 
be carefully secured and utilised — ^neither wasted nor 
washed away. 

A pr&per supply of water is of such primary impor- 
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tance that when no stream or brook is available, its 
existence should be established either by sinking or bor- 
ing, as an essential preliminary to the choice of a site ; 
for whatever the som of the advantages of a site may 
otherwise be, the want of a proper water supply renders 
them entirely unavailable. 

Shelter^ as already stated, may be partially secured 
by a judicious arrangement of the buildings. Its bene- 
ficial effects may also be enhanced by planting belts of 
timber in the direction of prevailing winds, and by 
taking advantage of any natural features. 

With reference to the farmhouse itself, regard mast 
be had to the comfort and convenience of the occupants, 
as well as to the health and comfort of the stock. 
Whatever the position of the house, it should be so placed 
as to ensure ready communication with the rest of the 
buildings, especially in a dairy-farm, where much of the 
necessary labour is carried on by the domestic servants. 
It is often advisable in small establishments, or in exposed 
situations, that the house should be contiguous to the 
buildings ifor the sake of mutual shelter ; but every case 
should be determined on its own merits, and, other 
things being equal, the most pleasant situation which 
the neighbourhood affords should be the site selected. 

In placing the buildings, it is desirable that they be 
as near the centre of the cultivated ground as possible, 
and on a gently sloping surface rather than on the higher 
grounds of the farm, as this offers greater facilities for 
conveying the crops to the homestead. This central 
position, however, has often to be sacrificed to obtain a 
proper water supply for the homestead, which is often 
utilised as a motive power for driving machinery. 

126. System of Arrangement and General Flan of 
Constmotion according to the Description of Farm 
and the Feouliarities of tiie District. — ^In the arrange- 
ment of the buildings there are some general principles 
of construction common to every class of farm. The 
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loaio object is to have the honse and offices so arranged 
as to save all the time and labour possible, and to enable 
the farmer to carry on his business with the fewest 
number of servants, by which the advantage of order, 
industry, and economy are secured ; for it should alwayp 
be borne in mind that it is more important to save time in 
comparatively insignificant operations of frequent occur- 
rence than in larger matters which are not often repeated. 

Another important principle is to group togetiier all 
buildings or apartments used for like purposes. Thus 
the yards and houses for particular descriptions of stock 
should be placed together ; the stables should be kept 
by themselves ; the dairy cows apart from the feeding 
stock ; the pigs, poultry, and young stock each in their 
proper locality, and yet the arrangement of the various 
stalls and houses should admit of the mixing of the 
various manures in a common fold-yard where tiie work 
can be conveniently carried out. 

It is convenient to have a working yard or court, 
round which are arranged sheds for the various wheel- 
carriages of the farm ; root houses ; places for storing 
and preparing food; and a place where tools and imple- 
ments can be kept and repairs conveniently executed. 

In addition to this, the highest buildings should be 
placed to afford shelter from prevailing winds, and yet 
not to intercept the rays of the sun from other yards 
and buildings. A common entrance secures the safety 
of the yards at night, which in some situations, as in 
the neighbourhood of towns, is a necessary precaution. 

Formerly the buildings on a farm were commonly 
arranged in the form of a square, with a common yard 
in the centre, into which all litter was thrown and the 
stock huddled together, with an utter disregard to the 
principles of rural economy, now, happily, so much 
better understood. 

As better ideas prevailed, the advantages of more ex- 
tended accommodation became apparent, as it was found 
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that increased shelter was invariably followed: by ixa-. 
provement of the stock. At first, sheds were placed at 
one end only, but gradually began to assnme the fona 
of a long psurallelogram, and it is now admitted thai the 
most convenient form of arrangement is that of a long 
rectangle with the closed side to the north or north-west,, 
and the open side facing the soath or south-east. The 
idea of shelter is now carried so far, that in many modem 
homesteads, where money is no object, the whole of the 
yards are covered in, thus adding to the comforts of the 
stock, and the quality of the manure produced. 

In carrying out the principles of arrangement here 
described, some little variety may be obtained, which ia 
regulated by the position of the bams, E, as illustrated in 
the following dic^ams: — 

(Fig. 17.) 
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In Fig. 17, A is the stackyard, and the spaces B, D, andO, 
the cattle and working yards respectively. The buildings 
G, H, in the immediate vicinity of the working court, 
would be used for the accommodation of the carriages 
and implements and the apparatus for preparing food. 
The buildings M and N would be used for such animals 
as require but little straw, and and L for store-' 
houses, &c. 
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(Fig. 18.) 
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In Fig. 18 the straw-bam B is tnrnecl at right angles 
to the dressing-bam A, and connected with the latter is 
G, the granary and implement house. In this case D, E, 
F, and G will be the cattle yards, and H, I, J, K their 
respective shelter sheds ; L is the working court, M the 
stables, N the store and house for preparing food, while the 
remote ranges will serve the same purpose as in Fig. !?• 

(Kg. 19.) 
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Fig. 19 AhowB a very nsefol arrangement whereby 
the fdtered position of the straw-bam A gives larger 
accommodation for stock at a very smalT expense, as 
the yards are mostly enclosed by the walls of the 
buildings and the sixaw is stored near the place of 
consmnption. The house B, for preparing the food, is 
in communication with the machinery of the bam, 
80 that chafif-cutting, grinding and bruising com, &c., 
can be done with the least possible expenditure of 
time and labour. The working court G is here, too, 
in its best possible place, and the other buildings will 
be used for the same purposes as before mentioned. 

Other arrangments may be adopted to suit the 
peculiarities of the site, but most of them are based on 
the relative positions of the straw-bam, and the sheds 
and houses where the straw is to be consumed. What- 
ever may be the nature of the obstacles which prevent 
these important principles from being carried out in 
their entirety — ^and slight variations must be made to 
suit the peculiarities of every case — a judicious designer 
will make such arrangements as are best calculated to 
secure the maximum of advantage and the minimum of 
evil; he will know what to forego and what to secure. 
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I. Soitk. 2. 2%& different kinds of eoUs ; varictHons in their 
eomposUion, texture, and condition, 3. Classification of soils 
as determined by physical conditions and chemical composition. 
4. Active and dormant oonstitaents of soils. 5. Conditions 
regulating the conversion from the dormant state into an active 
condition available for vegetation. 6. Chemical and physical 
conditions regulating the barrenness and fertility of soils. 
7. Mechanical condition of soil in relation to the growth of 
seed. 8. Power of the soil to hold manure ; how to be assisted 
artificially. 9. Essential differences in the cultivation of light 
and heavy soils. 10. Influence of climate on the productive 
powers of the soil. 

CHAPTER 11. 

II. Suhstaneee found in plants, 12. Sov/rce from which 
these are obtained. 13. ^Exhaustion of the land, 14. 7^ 
essential differences between good and poor land, 15. The 
necessity for manure, 16. The production and waste offarm^ 
yard manure, 17. Conditions regulating the production, man- 
agement» and application of farmyard manure. 18. Variations 
in quality, and consequent results. 19. Under what conditions 
ifl green manuring desirable. 

CHAPTER III. 

20. The use of artificial manures ; how manufactured, and 

the reasons for their employment, 21. Conditions regulating 

the use of artificial manures. 22. Bones as a manure, and how 

they are most economically employed. 23. Substitutes for bone. 
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CHAPTER IV. 
24. Lim6f marl, chalk as manure*. 25. Action of lime 
as a fertiliser. 26. Control of its causticity according to re- 
quired results. 27. Action of the several phosphates of lime as 
fertilisers. 28. Conditions rendering their use so generally 
necessary. 29. Control of their soluble condition. 30. How to 
avoid their waste in the soil. 31. On what soils most economi- 
cally used. 32. Their action on seeds and young plants. 
33. Special action of nitrates and ammoniacal manures upon 
com crops, roots, and grass. 34. Means of controlling the 
soluble condition of ammoniacal manures. 35. Conditions under 
which nitrates can and cannot be substituted for ammoniacal 
manures. 36. The special action of salt when used alone and 
also in conjunction with other manures. 37. Manufacturing 
wastes valuable as manure. 38. Adulteration of manure. 

CHAPTER V. 

89. Combination of manures of different character, so -as to 
establish an equilibrium of action. 40. Proper times of appli- 
cation. 41. Favourable and uafavourable action upon different 
stages of growth. 42. Desirability of providing proper supply 
for final stages of growth. 43. Proper relation between natural 
and artificial manures, when substitutes and when supplemen- 
tary. 44. General principles regulating the selection of 
manures. 45. Manures which impoverish the land. 46. TiUage 
operations, 4iJ, Reasons for ploughing and motoing land hy 
implements. 48. Ani/ changes produced in the soil, and their 
influence on the growth of crops. 49. J>rainage of the land, 
vohsn necessary, and its mode of action. 

CHAPTER VI 

50. Crops grown on various kinds of soil. 51. Succession or 
rotation of crops ; how selected and arranged. 52. Conditions 
regulating the selection and rotation of crops. 53. Belative 
powers of exhausting or improving land. 54. Chemical compo- 
sition of different crop^ 55. Chod courses qf cropping. Bad 
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courses of eropptng, 56. Period of highest nutritive valne. 
67. Chemical changes in the ripening of grain, roots, and fodder 
crops. 58. Necessity for this action. 59. Influence of climate 
on the perfection of growth attainable. 

CHAPTER VII. 

60. Combined influence of soil and climate npon the system of 
husbandry, npon the malting qualities of barley, the nutritive 
quaUty of the flour of wheat and oats, the feeding power of 
roots, and the various kinds of straw. 

CHAPTER VIII. 

61. Conditions regulating the vital power of seeds, their 
character and quality. 62. Pedigree influence. 63. Effect of 
age of seed upon the form and character of its produce, its 
rapidity of growth, and liability to disease. 64. Change of 
seed, why necessary. 65. Adulteration of seed. 

CHAPTER IX. 

66. Live stoch. Best kinds oj stock for various farms. The 
economy of good stock management. Ordinary rules for pre- 
servation of health, 67. Principles regulating the breeding of 
stock. The reproductive powers of animals, how strengthened 
and how rendered abortive. 68. Pedigree influences, how in- 
tendfied and how reduced. Qood and bad qualities, how ' n- 
troUed. 69. Means for maintaining constitutional vigour* 
70. Fixity of type, how established in new breeds. 71. Differ- 
ence between breeding in-and-in, and breeding in the line. 
72. Results from each system. 73. Causes of barrenness in 
male and female. 74. Loss of size in pedigree stock. 

CHAPTER X. 

76. On what is the special aptitude of various breeds for 
different conditions of soil and climate dependent ? 76. Influ- 
ence of change of soil and climate on the stability of a breed. 
77. Principles of acclimatisation. 78. Special requirements for 
making land either a good dairy farm or m good sheep farm, 
or good grazing land. 79. Principles regulating special pecu- 
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liaritiei, rach as early inatarity, rapid prodaction of flesh and 
f at» growth of wool, and prodaction of milk. 

CHAPTER XL 

80. Influence of breed, climate, soil, food, and shelter npon 
the prodaction of wool, as affecting its fineness of fibre, its even 
character, ite felting power, and the quantity produced. 

CHAPTER XII. 

81. General conditions controlling the production of milk, 
the quantity and duration of the flow, and the quality of the 
milk. 82. How to increase the oil of milk for butter dairies, 
and also the curd of milk when cheese is required. 83. Action 
of heat, as in the process of scalding milk. 84. Influence of 
food and exercise upon the yield of butter and cheese. 85. Pecu- 
liar influence of irrigated or sewage grass upon dairy produce. 

CHAPTER XIII. 

86. Food, Chemical matters present in various kinds of 
food — in mUk, green food, hay and com, ^c, ^c. 87. The 
different materials necessary for the growth of the body. 
88. Maintenance of heat, 89. Process of fattening animals, 
90. Constituents of various kinds of ^ood, and proper classifica- 
tion. 91. Conditions regulating the increase of flesh and fat 
obtainable from any given food, or mixture of food. Influence 
of shelter as a means of economising food. 92. Increase of 
feeding power by proper preparation of food. 93. Conditions 
regulating the use of manufactured feeding materials and con- 
diments. 94. Advantages resulting from the purchase of food 
as a means of enriching a farm. 95. Good and bad systems of 
feeding stock. 

CHAPTER XIV. 

96. Malting of barley; the chemical changes produced. 
97. Composition of barley in its influence upon the quality of 
malt. 98. Its action as a feeding material. 

CHAPTER XV. 
99. Relative value of natural and artiflcial grasses. 100. Con« 
ditions regulating the fertility of grass land. 101. Agencies 



8GIEN0E SYLLABUS. 185 

which cause loss of plant. 102. Change in the herhage nnder 
the action of mannre. 103. Principles npon which haymaking 
should he regulated so as to preserve feeding properties. 

CHAPTER XVI. 
104 Drainage of land. 105. Chemical and physical influences 
exerted upon the soil and suhsoil. 106. Respective actions of 
water in motion and when stagnant. 

CHAPTER XVII. 
107. Irrigation. 108. Various qualities of water employed. 
109. Mode of action. 110. Duration of flow. 111. Rektive 
advantages of the various systems for distributing the water. 
112. Quality of herbage. 113. Relative 'qualities of raw and 
clarified sewage. General principles regulating their use. The 
imperfect character of sewage as a manure. 114. Quality of 
crops grown under its use. 

CHAPTER XVI 11. 
115. Orchards and fruit grounds. 116. Influence of soil and 
climate upon the varieties which can be successfully grown. 
117. Essential conditions of healthy growth and production pf 
fruit. 118. Chemical conditions which regulate the selection 
and ripening of fruit for the manufacture of cider and perry, 
the fermentation of the juice, and the preservation of its quality. 

CHAPTER XIX. 

119. Diseased condition of crops. 120. Bunt, or smut-ball 
mildew; and blight in corn crops. 121. Finger and toe, clubbing 
and curl in root crops and cabbages. 122. Potato disease. 
123. Canker in fruit-trees. 124. Woods and plantations. 
125. Conditions regulating the selection and luxuriant growth 
of timber and underwood. 126. The durability of timber, how 
increased and how decreased. 

CHAPTER XX. 
127. Fam bnildingps. 128. System of arrangement and 
general plan of construction according to the description of 
farm and the peculiarities of the district. 

N 
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FIRST STAGE, OR ELEMENTARY EXAMINATION. 

1. Of what materials aro wSh generally oompoeed, and what 
are the chief points of diiference between the epniposition of a 
good soil and a had soil P (2, 14.) 

2. Do plants ohtain all their nourishment from the soil ? If 
not, state what is obtained from anj other source. (}2.) 

3. Why fl'd some crops grown more perfectiy on somt toils 
^n npon others P Qive examples. (XI, 60.) 

4. What are the materials in vegetables which are the most 
useful for the production of flesh, bone, and fat in the animals 
using them as food P (87—89.) 

6. Oive examples of the manner in which you wtyuld supply 
any materials known to be deficient in the soil. (20, 21.) 

6. Explain the general action of lime as a manure. (24,) 

IF. On what principlea would you regulate the succession of 
rotation of crops P (51.) 

8. How do tillage operations — such as ptoug^ng, harrowing, 
rolling, &c. — increase the fertility of the soil P (40—48.) 
i. 9. Are there — and if so, whatr^«dvantages to be gain^ by 
growing " root cropp " instead of living ^^ ^'^ In " have 
fallow"? (12.) 

10. Does any injury arise to a growing crop by reason of the 
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Imod not being propeilj drained f If m, explain the eanae of 
■noh injury.. (49.) 

11. What general roles ovght to* be obeerred in the ideetton 
and nse of food for catUe when fattening P (80.) 

12. What is the difference between the ehape and touch of a 
well-bred animal, and one of the nnimproTed or common breed j 
and how is it the one is more talnable to a farmer than the 
other? (66,79.) 

SECOND 8TAQE,i:0R ADVANCED EXAMINATION 

(1876). 

21. How would you classify soils by the chemical constituents 
they contain, and by their physical conditions ; and how do these 
influence their agncultural value ? (8.) 

22. Describe the materials necessary for the growth of culti- 
vated crops, their sources of supply, and the condition in which 
plants receive them. (11, 12.) 

28. Explain the influence of soil and climate upon the degree 
of perfection obtainable in a plant's growth. (48, 59.) 

24. Explain the principles regulating the selection and the 
economical use of artificial manures. (80, 81.) 

25. In returning to the soil the mineral matter removed from 
it by the bones of animals reared upon it, what materials are 
used for the purpose, how are they prepared for use, and in 
what chemical condition is it desirable to apply them to the 
soil? (22.) 

26. How can you regulate the fermentation of farmyard 
manure; and under what circumstances should it be more or 
less fermented before it is applied to the land P (17.) 

27. Give a course of cropping suitable fl>r heavy land, and 
another course for light land; show the relative advantages of 
each course, and give your reasons for considering them suitable 
for these soils. (60—52, 65.) 

28. Trace the chemical and physical changes which arise in 
the disintegration of a rock into soil ; show how these changes 
arise, and the manner in which cultivation renders the soil more 
available ibr vegetable growth. (1 — 6.) 
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29. Describe the prifittee of "bare-fallowing" land ; expUdn 
the reaions which have led to growth of root crops instead of 
bare fallows, and indicate the advantages arising from this 
change of system. (19, 28, 65, 50.) 

80. Explain the advantages arising from land-drainage, and 
the consequent changes effected in the chemical composition of 
the soil and in ifcs physical condition. (40, 106.) 

81. How would yon vary the general management and the 
food of cattle according as they may be yomig growing animals, 
breeding stock, or fattening for^ sale ? Qire yonr reasons for 
snch variation. (87 — 03.) 

82. State the advantages arising from keeping well-bred 
stock, the difficnlties which specially accompany such stock, and 
the best means for preventing or overcoming these difficulties. 
(66—74.) 

HONOURS EXAMINATION (1876). 

41. How would the course of husbandry most def^irable for a 
farm be influenced by the character of its soil and clime ? 

42. Describe the circumstances under which water may be- 
come injurious to the fertility of the land, and how it may be 
employed to increase its productiveness ; giving an explanation 
of the principles involved. 

43. Trace the changes which vegetable matter xmdergoes from 
its original condition in the plant until it forms part of the 
structure of the living animal. 

44. What changes take place in the malting of bariey, what 
are the relative qualities of malt and barley as food, and on 
what principles should the use of malt be regulated ? 

45. How does a good pedigree influence the profit of the pro- 
ducer of meat, and what are the dangers to be avoided P 

46. What are the relative advantages of enriching the land 
by the direct application of artificial manure, and by the pro- 
duction of additional manure by the use of artificial or other 
food? 

47. Can artificial manures be supplied so as to impoverish the 
land ? If so, how would you avoid such ii^'urious results f 
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48. What dreamrtancM inflaente the duration, the quantify, 
and the quality of milk of a breeding animal ; and how maj 
thoie results be controlled ? 

FIRST STAGE, OR ELEMENTARY EXAMINATION 

0877). 

1. Mention the Tarious descriptions of soils, and the manner in 
which you distinguish them from each other. (3.) 

2. Why do soils differ in their productire powers P (1 — 8.) 

3. What do you understand by a rotation of crops, and why is 
this necessary ? (61.) 

4. Why is the use of farmyard manure so generally valuable 
in increasing our various crops ? (16—18.) 

6. Do yon know of any other manures which are used upon 
the land, and the reason for selecting any of them for particular 
crops P (SO.) 

6. How does the drainage of land increase its fertility ? (49.) 

7. Qive the general composition of milk, and state why it is a 
good food. (86.) 

8. Compare the composition of milk with that of other kinds 
of food, and show the advantages of each. (86.) 

9. What rules would you follow in selecting the best food for 
fattening animals ? (87--89.) 

10. How does Ume act as a manure P (85.) 

11. What is the difference between the active and dormant 
materials in a soil ? (4.) 

12. How can they be changed from one condition to the 
other P (5.) 

SECOND STAQE. OR ADVANCED EXAMINATION 

0877). 

21. What circumstances and conditions regulate the fertility 
and barrenness of soils, and how may the latter be overcome P (6.) 

22. Explain the manner in which tillage operations render 
soils more productive. (46—48.) 

23. Take any one of our ordinary farm crops, and show the 
conditions most favourable for its perfect growth. (68.) 
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9L How wodd yoo VQgttbto Hm tni>imml o£ ftmgrmrd 
— wffi^ to M to MMBe it in the best oooditioD for nte upon tiit 
landP (le— la) 

S6. EiqpUin the chemical changes taking place in the prepara- 
tion of farmjard manore for the land. (16 — ^16.) 

26. What rolea wonld zegnlate yon in the choice of artificial 
BABVVM for tpeeial crops ? CKve instances showing the if>pUca- 
tion of snch mks. (tl.) 

ST. Show the eonditions which shoold regnlate Hie rotation of 
erops^ and iUnstrate the same by examples of good and bad 
conrses of cropping. (63—65.) 

28. State the ei r cnmst a nces which shonld regnlate tiie chmoe 
of food for stock, and the manner in which its economical nse 
may be best secured. (90 — 68.) 

29. Ho# is the production of wool influenced by food and 
general management ? State what conditions f aroor its growth 
and quality. (80.) 

80^ Explain the influence of drainage and irrigation upon the 
fertility of the soil, and any necessary connection between the 
two agencies. (Id4— 106.) 

81. What are the advantages gained by a careful control of 
pedigree influence in the case of cattle, i^eep, and pigs respec- 
tirelyp (66—79.) 

82. What are the condiMons which favour the production of 
meidow hi^ of high nutritive ohameter f (108.) 

HONOURS EXAMINATION a877). 

41. On what principles is our practice based for securing early 
maturity in stock ? Show how the quality and quantiigr of the 
meat produced are influenced thereby. 

42. flow do yOu explain the tendency which exists in high<' 
bred stock to a loss of constitutional sti^ngth, and how is this 
best held under contrd ? 

43. State the conditions of growth most fiiYourable for the 
Srodnction of roots and com of the most nutritive character 
Qive examples illustrating their successful application. 
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44 Point Mii error* of pnotiee oonAoutJlf obterred In the 
irrigation of land« end ftete yonr reeeont for oljeeting to raoh 
mode of procedure. 

46. Whet ere the rdetire adTentegef of enriching the land hf 
the use of artificial food and artificial mannres reepectiTely, and 
how fat can the nee of the former adrAntageonsly snpereede the 
nee of the latter ? 

46. Show the influence exerted upon the quality and character 
of a crop by a jndicioue leleotion of suitable ieed^ and the mean! 
whereby that influence is best maintained. 

47. Describe the variations obeeryablo in the quality of wool, 
and the circumstances which influence its successful growth. 

48. Gire an example of the advantages arising from the 
application of science to ordinary farm practice, and state the 
principles involved therein. 

1^1 RSt STAGE, OR ELEMENTARY EXAMINATION 

(1878). 

1. What food do plants require for their growth, and where 
do they obtain their supplies from ? (11, IS.) 

5. How do soils become exhausted and unable to produce good 
com crops ? (13.) 

8. Why do we apj^y farmyard manure to the land, And how 
Aoold it be used P (16,16.) 

4. Why do fanners plough, harrow, and roll the land, and 
bring it into fine eondition P (46, 47.) 

6. How are ioils formed P (1.) 

6. What do you know about the action of lime as a manure P 
How it it uied> and what good does it do to the land P (64.) 

7. Why do we drain land, and how is land improved by 
draining P (49.) 

8. What are the ftrlndpal substances found in the difi^erent 
kinds ol foods used for farm stock, and what is the use of each 
of these substancee P (86, 87.) 

9. Why is food made more useful for farm stock by protectbig 
them from eipoeon to eold and wet P (88, 80.) 
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10. Why if it desirable to grow crops in regular snocession 
instead of growing the same crop year aftor year ? (61.) 

11. Do sheep, eating a growing crop, return to the land in 
their manure all that the crop took from the lafld ? If not, 
state how a;iy loss has arisen. (87, 88.) 

12. What are artificial manures, and why do we use them 
upon the land P (SO, 81.) 

SECOND STAGE, OR ADVANCED EXAMINATION 

(1878). 

21. Why do soils differ in their powers of producing good 
com crops ? (60—63.) 

22. What advantages do we gain by ploughing land so as to 
expose it to the cold and rain of the winter months ? (6.) 

23. How do you classify and describe our various soils accord* 
ing to their mechanical condition and chemical composition ? (3.) 

24. What duties have to be performed in the soil by manures^ 
and why is it necessary to use the various kinds of manures 
commonly employed? (13.) 

25. What ch^ap materials are used to take the place of bonea 
as a manure, and how are these materials most advantageously 
used ? (23.) 

26. What substances must be present in a perfect food ? Qive 
an instance of a perfect food, and also of food which is unable 
to support life. (86, 87.) 

27. What rules should regulate you in the selection and use of 
food for cattle, when growing, milking, and fattening respec- 
tively? (86-93) 

28. Why are some animals more economical producers of meat 
than others ? (70.) 

29. How should the fermentation of farmyard manure be re- 
gulated so as to avoid any loss of its fertilising matter ; and 
what difference would you make in the fermentation when the 
manure is going to be used for a sandy loam, or for a clay loam, 
or for spreading upon clovers ? (8, 0, 16, 17, 62.) 

30. Is the continuous growth of com crops inconsistent with 
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the general principleB regakting the rotation of crops P Explain 
the conditions which influence the result' (62.) 

31. Why do some soils retain for the nse of plants the mannres 
added to the soil, whilst other soUs aUow them to he washed 
away ? Give instances of each^ and state any means adopted 
for correcting this had character. (8.) 

32. State on what principle you would select manures suitahle 
for producing grass of high feeding character. (78, 99, 100.) 

HONOURS EXAMINATION (1878). 

41. How may the fertilising matter of farmyard ipanure he 
rendered slowly availahle for a com crop upon light lands (such 
as sands and sandy lOams) which possess little power of retaining 
manure ? Descrihe the ordinary course of practice adopted to 
attain this ohject. 

42. What phosphatic and nitrogenoos artificial manures can 
he employed apon soils which possess little power of retaining 
manure, so as to secure a steady supply of each throughout the 
plant's growth ? 

48. What are the usual causes of mildew upon root crops ? 
Indicate some errors of practice which fnyour its production. 

44. Why is the weight of meat produced from a given quan- 
tity of food influenced hy other circumstances than the feeding 
powers of the animal^ and the quality of the food given ? 

45. What are the differences in form which distinguish a good 
feeding animal from a good milker, and how is the variation in 
the external form associated with the internal organism of the 
animal ? 

46. Why do some stock lose constitutional vigour? How 
may this loss of strength he held in check ? 

47. In what respects do the pedigree influences observed in 
seeds correspond with those in live stock, and wherein do they 
differ P 

48. What circumstances influence the strength and even 
character of the fibre of wool, and also increase the weight of 
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40. What prineiples wooU legpidale yoa in the ooDstnietioB of 
ft bomerteftd for a day farm, where rooto are to be oonsomed hy 
catUe bred upon the tern ? 

50. Give an example of the advantageB aiiaing from the 
application of icience to ordinary fitfm practice, and state the 
prindplea involved therein. 

FIRST 8TAQE, OR ELEMENTARY EXAMINATION 

(1879). 

1. What ia the differenee between ft landy soily a loam^ and a 
cUyioilF (S.) 

2. What are the prineipal aahatftnoes fomid in ft toSA, and 
which of these do plants require ? (1, 3.) 

I d. Why do we grow erops in rotation, instead of oontintcdng 
to grow the same crop upon the same gronmd, year afbev 
year ? (80, 51.) 

4. What is the composition of milk ? State wl^ it hi SQdh 
very good food. (86.) 

5. Give a good course of eropping for ft rich loam soil, and ft 
bad fionrse of cropini^ for ft sandy soil, dtate yonr reasons in 
each case. (65.) 

6. Of what does the inorganic matter of plants eofisM ? How 
doet the plant get it^ and why it it caUed the ashes of ft ph^t ? 
(1-8.) 

7. What are marls, and upon what does thUit ralne de^ 
pend? (24.) 

8. How does ft ikAI lose its phosphates f What becomes of 
the phosphates remoted from the land, ftnd fa6w may tliey be 
restored to the land ? (18, 30.) 

9. As the soil very larg^ely consists of hard doUd ttfttter, liow 
is it that plants are able to feed upon it ? (4.) 

10. Why are iioils improved by expoitire to rough and cold 
weather in the winter f (4^ 48.) 
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11. How is it that cattle and hones are warm, and by what 
means is this warmth kept up ? (88.) 

12. Why do some animals fatten better than others when 
usin^ equal supplies of f ood ? (66< 89.) 

SECOND STAGE, OR ADVANCED EXAMINATION 

(1879). 

1. In what respect does the food of an animal differ from the 
food required by a vegetable ? (11, 86—88.) 

2. What is meant by saying that "land is sick of a crop"? 
Qiye an example, and say how it may be remedied. (13, 16, 
86.) 

3. What are the special advantages arising from autumn 
cultivation, and how do you explain its value ? (46—48.) 

4f, Can a soil contain all the food necessary for producing 
good crops, and still be unable to give it to plants as food ? If 
so, why is this, and how may it be overcome ? (3, 5.) 

5. Describe how lime and farmyard manure may be used for 
a crop with the best results, and also how their fertilising 
powers may be injured by an improper mode of application. (26.) 

6. A cubic foot of sand weighs about 110 lbs., and a cubic 
foot of day weighs about 80 lbs.; why do we call sands light 
soils, and why do we call clays heavy soils ? State what are 
the causes of the difference. (8.) 

7. How do you account for the variations observed in the 
ashes of plants ? (11, 12.) 

8. How does drainage of the land increase the quanidl^ of 
plant-food ready for use in a soil ? (49, 104, 105.) 

&. What are " Reduced Superphosphates," and what is their 
action in tke soil ? (20.) 

10. How are lands fertilised by irrigation, and how should the 
supply of water be regulated ? (107 — 111 .) 

11. What changes does the blood undergo in its passage 
through the body ? (88—92.) 

12. Describe the changes which food undergoes in its digestion 
by a bullock and a horse, pointing out any differences. (01.) 
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HONOURS EXAMINATION 0879). 

1. In what waj doM cUmate infliienee the qrstem of funmng, 
and also the quality of meat and com prodnced ? Oire instancea. 

2. TVaoe the varions changes which take place in a plant's 
growth during the time its supplies are drawn from the soil and 
the air, and show the disadTantages arising from the nse of food 
which has not been f oil j npened. 

3. How does the ccmdition and nse of fertilisers, and the 
character of the seed, render some root crops less able to with« 
stand the frost; and how may roots of the highest feeding 
character be secnred ? 

4. How do soils retain manure, and how should Ught sands he 
treated to increase this power ? 

6. Describe the formation of nitre in earth, and show how 
soils may thus be economically enriched. 

6. Describe fully the process of germination. Show how this 
is controlled for the production of malt^ and state the conditions 
which regulate the quality of malt. 

7. How does the blood of an animal receive fresh supplies of 
nutriment ; how is it removed from the blood, and what deter- 
mines its new form in the body P 

8. How does the breathing of foul air (arising from want of 
proper ventilation) affect the milk produced, and the cheese and 
butter made from it? Are there any other means whereby 
similar impurities influence the milk ? 

9. How may the milking character of a cow be improved; 
how may the flow of milk be more permanent, and its character 
rendered more suitable for butter and cheese making respectively ? 

10. What lessons may we learn from the system of farming 
known as " the continuous g^wth of com,'' and what axe the 
essentials for its success ? 
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eant«ncet can ba constructed with the grefttett facility, and 
as one only Is presented to the eye at a time, the attention is 
easily rivatted during the whole time of the reading lesson. 
A more efficient aid has never been introduced. 



"' On* Uibig It 1 tinu^ mrtdthata 



Bnch miT b* nmniMiI 

._ ^„, ilnM. The plan I) lo 

ned ON (or drilling yoDog paplli. Altsntion mi lt«ratlan in tha p.i(M el 
dealing with UtUadSdnn, nd Oili niullag can enable the teuher to om- 

*■ ' tbon^tioftbebegliDien. Then «n eomo plctori^ Iketelm slw, 

I""- -^iMb DUrt Mil further hdp the onward marob. The tmo to 
while the matter haa been ao «ell amiaged u to make the 
I to both paiU* and toichir. W« haartilj conutund this 

Mdon.-— ni a-a ■ - 
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Now PaUidiiBg, 

11/ HAT SHALL WB SING? A Selection of P^ 

T Y Bongs in the Staff and Tonic Sol-fa Koiations. Edited and com- 
poMd by Thokab Mdbbt. Istaad in Nombezs, ^. each ; and in Tarts, 
containing Twelve or more Songe, at 6d. 

Bach Part will contain several compositions, written expressly for this 
Series, and every Piece will be presented under two arrangementi for on e, two, 
three, or four voices, the trios and duos being for equai tfoiees. 



lART I. 



*1. Lady Moon 

S. Graves of a Household . 

8. Excelsior. ^ 

*4. Burial of Sir John Moore. 

5. The Sabhath Bell . 

0. Cbsabianca 

7. The Village Blacksmith . 



1ft 4i;. 
8*4i;. 
itiv. 
8ft4v. 
ttAv, 
8ft 4 V. 
8ft 4v. 



*8. Be Kind to the Loved 

Ones at Home . 2 ft 8 1^. 

0. The Song of the Orass . 8 ft 4 v. 

10. The Pilnim Fatiiers . 8 ft 4 v. 

11. Englaad is England still 8 ft 4 v. 
*13. The Fanner's Boy . . 8 ft 4 v. 



• • 



The asterisks denote the original or newly arranged Pieces. 



The Best and Cheapest School Tone Book. 

MURBY'S MELODY PIECE BOOK. A Collection of 
131 Favourite School Songs, Rounds, ftc. Worda and Music, Price 6d. 
Also in Two Parts, 8d. each. Oompiled* by the Bev. W. J. Dshmah. 
Bector of Stoke-by-Clare, Suffolk. Music Revised by Thomas Mubbt. 

THE MUSICAL STUDENT'S MANUAL. ATheoretioal 
and Practical Treatise on the Elements of Music, and the Practice of 
Singing at Sig^t. By Thomas Mubbt. Crown 8vo, 228 pp., cloth, 8s. 6d. 

*' A very good book. Very cheap. Students will- have to thank Mr. Murby 
fbr renderii^ what is often a hopelessly difllcuU task an easy and delightftu 
one."— TVte Globe. 

" Characterised by fUness and method."— Pttpen /or tike St^oolmcuier. 

MURBY'S INTRODUCTORY MANUAL OP THE 
THEORY OF MUSiC Part L, price 6d. 
This little work is issued for the assistance of Pupils pre paring for Examina- 
tion in Music, either at the Oxford and Cambridge Local Examination, t]ie 
Queen's Scholarship or Certificate Examination, or for those given by the 
Science and Art Department of South Kensington. 

NEW TUNES TO CHOICE WORDS. A Collection of 
Simple Part Songs, chiefly original, for Schools and^Homos. Books I. 
snd II., each containing 32 Pieces, cloth. Is. 0d. each. 

THE JUVENILE TONIC SOL-FA PART-SONG BOOK. 
Uniform with Cubwen's "Tonic Sol-f)& Reporter." _ Second Edition. 
Price 8d. By Messrs. Ball and Thornlxv. 

A Collection of 40 Songs arranged in Three Parts, in the Tonic Sol-fk Nota- 
tion, for the use of Schools. 

Price Is. sewed ; Is. 6d. doth. 

mHE MERRT-Gk)-ROUND. A Collection of Rhymes, 

JL Jingles, and Songs, for the Amusement of the Little Ones. 

By THOMAS MCRBT. 



THOMAS MURBY, 82, BOUVERIE STREET, FUBBT ST., LONDON, X.0 



MURBrS IMPERIAL COPY BOOKS. 



T9i 8BBIES CX)NSISTS OF TWELVB BOOKS. 

I. 
Book I. HAIJf TEXT— Unas, eurvM, easy letters and eaty words. 
,, 2. HALF T6XT— Moro difficult letters and more dHUcult words. 

n. 

„ a HALF TEXT— Difficult letters, and words Involving dMRcult combi* 
nations, figures. 

„ 4. HALF TEXT'^leographical terms, grammar, Ac. 

in. 

t, 6. SMALL TEXT— Capitals classified, words, figures, &e. 
- e. SMALL HAHO— Words between two lines with caplUls, geography, 
gramipar, and figures. 

t» 7. SMALL HAHD—Three copies on a page, on single line. History. 
t, a SMALL HAND— On single line. No division marks between the words. 
Oram mar. 

V. 
„ 0. SMALL HAND— Three copies on page, no division or space between 
lines, proverbs, extracts, &c. 

„ 10. SMALL HAND-Hlstory extracts, &c. 

VI. 
„ II. SMALL HAND— History, geography, literature, and arlthmetle. 

M 12. SMALL HAND— Business forms, letters, addresses, parsing, analysis, 
and arithmetic 



Albion Eduoational Ikbtitxttioit, 

ashton-ukdbr-Ltne. 

t kaye very oarsf oily examined the Imperial Oopy Books pabliehed by Mr. Marby, of 
hmiMi, sad unst ezpteet my high appraoiation of them. I candidly and honestly believe 
that they are nut excelled by any eariee in the edacational market, and they deserre a 
tiorwidedrealatlon. A. PARK, F.R.a.S., &c., 

Head MaHer. 
Author of " McMual of Mtthod," Ac. 
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THE YOUNG ARTIST. 




A Periodical Instructor In Drawing and Design, Including 
Studies in Geometry, Freehand, Figure, Flowers, Landscape, 
Architecture, Ptannlnc^ Industrial Design, &c^ &c. 



Bach yumbtr timtaitu F^fUm or man original Sladiet in Aebad d^ 
cf Art. 



la month ciinnot bat be Bceeptitbla to iblldmi. l^Hchsn yriH And the coiiei ni 
wbn pnplli on be Imlaced to become mcmthly Babeorlben. tbe publlontUD wll 
tawnMl Uwii Intenel [a ttae art ot dnwloc.'— lAi SOiailwiailtr. 



LONDON. THOMAS MURBY, 82, BOUVERIE STREET, 6.0. 



BEADINQ BOOKS ADAPTED to the OODE of 1876. 

All profusely Illiutoatod and Tery strongly bound. 

I.-IMPERIAL SERIES; 

An entirely New and Superior Series, embracing many new features of practical importane^ 
Imperial Primer, very large l7pe,82^p. 26 lUnstxations, cloth .... Sd« 
First Imperial Reader, Post Sra, 96pp., Cheap Edition, 6d. Extra oloth boards, 8d. 
Second Imperial Reader, ,, 128 ^ . . • . „ „ M. 

Third Imperial Reader, „ 192 „ - „ „ Is. 

II.-ADVANCED EXCELSIOR SERIES. 

An Iminoved and EnJaiged Series. 

Book I., 96pp., Fcap. Svo. el. bds. 6d. \ Book IV., 288pp., Post 8to. d. bds. Is. 8d. 

» v., 820 M • • • » Is. 6d. 

»» »t *w\»« jt » '•» 448 » . . . „ 28. vQ. 

Excelsior Primer, 64pp., id. and 8d. 



»» IJ-»i28,, „ „ „ 8d. 

„ III., 192 „ „ „ „ lOd. 



IM.-EXGELSIOR SERIES. 
Excelsior Primer, 64pp., 4d.; Cheap Edition, 8d. 



Book I., 64pp., d. bds. 4d. ; Ch. Ed. 8d. 
„ II., 96 „ „ 6d.; „ 4d. 
„ III., 160,, „ 8d.; „ 6d. 



Book IV., 224pp., ol. bds.ls. OJ. ; Oh. Ed. 8d. 
„ V,256„ „ 18.24; „ 9d. 
„ Vl.,820„ „ Is. 44; ,1s. 04 

Excelsior Reading^ Sheets, 20 in set Plain, 2s. 6d. ; mounted, Ss. 64 

.IV.-CONSECUTIVE NARRATIVE SERIES. 

The most Original Series yet 1s8ue4 



Book I., 68pp., cloth boards . . 5d. 
„ II., 100 „ „ . . 7d. 

ff 111., 186 1$ p9 . . 9q. 



Book IV., 168pp., doth boards . Is. 04 
„ V.,240„ „ . Is. 84 

n VI.,S36„ M .18.64 



Introductory Primer, 82pp., 34 and 24 

V.-DOME8TIC ECONOMY SERIES. 

The Marshfleld Maidens and the Fairy Ordina. By Mrs. Wiolet. 

Book I., Standard IV. . Is. 84 | Book II., SUndards V. and VI. Is. 64 

Complete in one Volume . , 23. 64 

SIMPLE LESSONS. For Beading Classes, -with Questions for Examination. 

Standard IV 24 | SUndards IV.. V., and VI. . . 64 

VI.-POETICAL READER. 
Complete Edition, 192pp., Post 8yo., Is. ; Cheap Edition . . Os. 9d. 
Abridged Edition, 96pp. „ Os. 64 

VII.-EXTRA SUBJECT SERIES. 

DIBBAaNO UTXRATUMC AKS BOIBKOK, FOR STAXDAKDS IT., T., AXB YI. 



STANDARD V. 

ElementaryReader, with Spedal 
Leaeons in History, Oeography, and 
Domestio Economy, 2Mpp. . . Is. 2d 

Advanced Reader, with Spedal 
IiesBona in Histoxr, Physical Qeo- 
graphy. Domestic Economy, Botany, 
Physiology, and Mechanics, S20pp.. Is 64 

S'^ANDARD VI. 
For Literatnre, the Sixth Advanced Excelsior or the Sixth Excelsior Reader Is 
ncxnmnende4 For Spedal Subjects one or more of the following Simple Lesson Books :— 



STANDARD IV. 

Elementary Reader, with Spedal 
Lessons in History, Geography, ana 
DomesUo Economy, 224pp. . . la 04 

Advanced Reader, with Special 
IiCSBons in History, Fhysicu 6eo- 
sn^hy.Domestic Economy, Botany, 
Fhysiuogy, and Mechanics, 288pp. . Is. 3d. 



Botany. By O. T. Bettant . 4d. 

Physiology. By G. T. Bbttaitt . 44 

Domestic Economy. Wiglbt . 6d. 

M >. For Stan. IV. 24 



Physical Geography. Skebtchlt . 6d. 

„ „ For Stan. IV. 2d. 

English History. Peabcb . 64 

„ ForStan8.IV.&V. 24 



LOHBOIT: 32, BOUVEBIE ST&EET, FLEET 8TEEET, E.C. 



a;^amii0 Sgtorbsr, ^Imcaixonal ^publis^tr. 



THE PERMUTATION READING CASE, FOR TEACHING 

SIMPLE WORDS. 

^ yiSg tngeDkNn Appanlos, orer 13,000 Fhnaes or Sentenoes can be oonstrncted 
vllh fhegraitart IhflQUtf, and u one only ■ vteBented to the e^e at a time, the attention 
toeMOjiHvtled dozing the whole time of the reading 168800. A mora efficient aid has 

BOTflF D08D iOfelO^UOBcL 

8ia0.il inch68b7l7iindM8. FzioeSSs. 
Bytheadditlimorthe 

NUiMERATiON AND NOTATION CARD, 
Fikse 18. extra^ 
the prindpta of AztthxiMtlflal Notation can alio be speedOy taogbt in the most 
plaaaant manner. 

ENGLISH LANGUAGE AND LITERATURE. 

Ensilsh Qrammar and Analyala Taught Simultaneouaiy. By J. Bobbrtson. 
late Lectozer at the Presbyterian Training College, Olaigow Bevisod Edition. ISBpp^ 
foap. tfo. Frioe 6d. wwed, 9d. limp cloth. 

Ditto, irith Enlarged Summarlea of Grammar and Analysis, doth boaxda. Is. 

Robertson's Introductory English Grammar. 64ppti,fcap. 8vo. Price 8d. 

Robertson's Summary of English Grammar. Price Id. 

Robertson's Analysis of Sentences. Br J. Robertson. Price Id. 

Robertson's Grammatical Analysis. Price 2d. 

The Penny Qrammar for Standards I., II., and III. By the Bev. B. B.JAjioB, 1C.A. 

A Guide to the DIfllculties of English Spelling. By John Bxtsskll, 
7.8.LS., author of '* The Handbook of Btymology." 100pp. fcap. 870t half cloth, 9d., doth, 
U fart L, eloth, 6d. 
Handbook of English Etymology. T^th nmneorons Exercises and 8aggeetloD8 for 
Teachen. Bj Jomi Buioll, F.S.I.&. New Edition, revised. Price 4d. sewed, 6d. cloth. 

Russell's Spelling and Etymology. In one Yolnme. Price Is. 4d., cloth. 

" Unrindled work for all pupils who stumble over the hard words whloh are most likely to 
poaxle tium.**— The Behool Board Chronicle. 

**Mr. John Bussell's 'Guide to English Spelling' is, witbout exception, one of the best 
books of the kind we liare ever seen.*'— John Bull, 

** JDeoidedly the beet spelling-book Hat has Allien under <5ur notioe.'*~TFeefe2y SMew, 

The Introductory Spelling Book. By W. C. Pbabcb, joint author of <'The 
Analysis of English History." The Introductory Spelling Book is intended to accompany the 
Beading Books in the lower Standards. In fbur Parts, price Id. each, or in stiff mappers , 
2d. each. The whole, 4d. sewed, 6d. doUu 

A Catechism of the History of the English Language. Compiled for the 
use of Oandidacesfbr the Oxford and Cambridge Local and Indian Gl%il Serrice CompMitiTe 
Examinations. Second Edition. Fifth Thousand. SOpp., price Is. 

A Practical Help to Teaching English Composition. Part L, Od. ; Part 
II., 9d. Complete, Is. 

Letters for Little Folks. A Series of InstmctiTe Exeroifles in Bpistolaiy 
Diction. By the Bor. C. B. Gbxatsxx, Curate of Halberton, Devon. 6d. 

Arnold's English Literature ; or, Chaucer to Wordsworth. By T&OXAS 
AaxoLD, M.A., Author of "Manual of English Literature. 470pp., extra foap. 8to, Mev 
Edition, on laj^er paper, price 8s. 
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WRITING. 

The Imperial Copy Books. Adapted to the Standards of the C!ode. Standard I., 
Nob. 1, 2; Standard IL, No& 3, 4 Standard III., Noa. 6, 6 ; Standard IV., Noa. 7, 8 ; Standard 
v., Kos. 9, 10; Standard YJ., Nos. 11, IS. Friae 2d. each. Large Post Edition, stiff 
nonpareil covera, superior paper, Ss. 6d. per dozen Six Books now ready. 

The Excelsior Copy Books. Nos. 1 to IS. Adapted to Code, 1877. Standard I., 
Nos. 1, a, 3; Standard IL, Nos. 4, 6. 6; Standard III., Nos. 7, 8, 9; Standarda IV.— YL, Nos. 
10, 11, la, 13. Price Is. 4d. per doaen (nett). 

The Address Copy Book; or. How to Direct a Letter. Fortieth Thousand. 
Bocks I. and II., 2b. 6d. per doien. . 

Ffrst Standard Writing Cards. Cards 1, 2, 8. Price 6b. per gross. 

MURBY'S SCIENCE AND ART SERIES. 

[Edited by'STTOiiT B. J. Suehtohlt, F.G.S., H.M.'s Geological Sorrey.] 

Physical Geography. New and Enlarged Edition, embodying the resolts of the 
''C^udlengar" Expedition, also containing a new Chapter on the Dlstribntlon of Animal Life, 
and a series ol Questiona for Examination on the whole wwk. By the Editob. Is., cloth. 

BImpie Lessons in Physical Geography. For Reading Claases. Standard 17., 
price Sd. Standarda IV., Y., and YI., price 6d. 

Geology. By the Bditob. Is., olotiti. 

Botany, Stmotnral and Fhysioli^caL By Alfred GtBXJSEOTSf, Is., cloth. 

Simple Lessons on Botany. For Beading Classes. By G. T. Bettakt, M.A.,Leofciuer 
on Botany at Guy's Hoapital. Price 4d. 

Crystallography, with Coloured Diagrams, from which handsome Models of the 
principal Crystals may be readily couBtruoted. By Jamsb B. Jobdak, of the Muaeom of Practical 
Geology. Is. 6d., doth. 

Mechanics. Is., cloth. 

Hydrostatics, Hydraulics, and Pneumatics. Is., cloth. 

Natural Philosophy. The two preceding toIs. in ona Price 2s., doth. 

Inorganic Chemistry. By R HbldoiiA, F.C.B., Late of the Science Eyamlnlfig 
Sohools, Senth Kenabigton. Non-Metallic Elanenta, Is., cloth. 

Inofganfe Chemistry. The above Tolume with the addition of the MetalUo Etementi 
and Chapters on Analysla, la. 6d., doth. 

Qualitative Analysis. For Laboratory Practice. By J. Spenobb» F.C.S. Is., cloth. 

MIneraioglcal Tables, describing the Physical and Chemical Properties of all the 
important Mlnarala. By F. Noil Jxwxsburt, B. A., Caius College, Cambridge, is. (kL, doth. 

Mineralogy. By F. Butley, F.G.S., H.M.'s Geological Surrey. Is. 6d., doth. 

Protiectlon, or Practical Solid Geometry. By J. Paykb, of the School of 
Seienoe, Gharterhouae. New and Enlarged Edition, with Questions for Examination on the 
whole work. Is. 6d., doth. 

Animal Physiology. Sy B. T. NEWTON, F.O.6., Assla^t Naturalist to HJ£.'s 
Geological Surr^. la., doth. 

Simple Lessons In Animal Physiology. For Beading Classes. By G. T. BbttaNT, 
M.A., Caiua College, Cambridge. 4d. 

The Connection of Geography and Astronomy. By Dr. A. H. Dice, D.Sc 
(Bdln.), M.A., LL.B. (Loud.), F.R.G.S., Author of ** Elementary Geography for Schools.* 
Price, cloth, la. An essential companion to most School Geographies. 

Plane Trigonometry. A Complete Elementary Course, with numerous Exerdses. 
Bj J. Bkxohik, Medallist in Mathematics, and Mathematioal Maater of the CJnited West- 
nunster Sohoola. 100pp. Price Is. Od., doth. New and Reviaed Edition. 

Principles of Agriculture. By A. Caret, Head Master of Board School, North 

Tawton. Priceft. 

LOHDOV : 92, BOUYEBIE STREET, FLEET 8TBEET, E.C. 



MURBY'8 NEW SCHOOL WALL MAPS. 

AoU^Ukhofniriked from fiatleb, aod praenttng all the appeannoe ot Raised SmAces. 

Edited by Stokit B. J. Subvohlt, F.G.S., H.M.'k Geologioal Siirr^. 

Flriae Kedal Fhlladelptaia BzhlbiUon. ScbMls. 

Europe.— Fbyilcal or Folitioal and FhyHLoal, 60ixL by 61in. .. Frioe 21 .. 16 

Oentral Europe.— Fhysioal or Political and Fh7iioal,60i]i. by 67iii. ,, 21 .. 16 

Asl«.~FhysicalorFolitioalandPby8iea],60iii. bysrin „ 21 .. 16 

Aftrica.— Physical or FoUtloal and Fhyaicalf 52in. by 44in. „ 16 .. 12 

North America.— Physical or Political and Physical, UixL by 40iiL „ 16 .. 12 

South America.— Physical or Political and Physical, 42in. by SOfn. „ 12 .. 9 

Palestine.— Physical or Political and Physical, 0iin. by 80m. . . ' „ 16 .. 12 

The World In Hemispheres.— Physical only, 81in. by 50In. „ 80 .. 22 6 

The Hemispheres.— Separate, 42in. by fiOin. 16 .. 12 

British Islands.— Physical or PoUtical and Physical, 50in. by 5Sin. „ 21 .. 16 

Australia and New Zealand.— 62in. by 46in. „ 21 .. 16 

In the Physical JCapa, the Lowlands are printed in two tints of Green, and the Ooean is 
of s pale Blue colour. 

OBJECT LESSONS. 
Slcetchesof GUiilery Lsssons for Infants' School. Crown 8vo., price 2b. 

MURBY'S NATURAL HISTORY WALL SHEETS. 

Adapted by the London and principal ProTlnoial School Beards. 
A Series of Pictorial Dla^^rams and Natural Specimens, IllixstratiTe 
of Human Physiology, Zoology, Botany, Geology, and Kineralogy. By A. 13occak]>, 
Natnralist, Corresponding Member of the Zoological Society of London, de la Commission 
BoientUiqne da Mexique a Paris, Ac., ftc. ; assisted by soToral eminent Professors. 

The Series contains Twenty Sheets, 18io. by 24in., comprising 166 Diagrams of Animals and 
Plants, life sise, beautiAilly printed in colours, and 37 Natural Specimens of Woods and 
Minerals s neatly mounted on rexy stout cardboard, with rings for hanging on the wall. 



BHEBT l.—IMan.— Respiration, Gircola- 
tion of Uie Blood, Digestion. 

„ 2.— IMan.— Organs of the Senses. 

„ 8.— Vertebrates. — - Mammals^ 
Dental System, Insect Feeders. 

„ 4. — ^VertebravttS.— Birds. 

M 5.— Vertebrates.— Beptiles, Fish. 

„ 6.— Articulates.— Useful, Aux- 
iliary, and Injurious Insects. 

„ 7- Articulates.— Crustacea, In- 
testinal Worms, Annelides, Mol- 
lusca. Radiates (Zoophytes). 

» 8.— Plants.— Woods (Natural Spe- 
dmens). 

n 9.— Plants.— Leayes, Flowers. 

» 10.— Plants.— Fruits and Seeds, 
Germination. 

n 11.— Plants, Dicotyledons. — Qam.' 
podte Tribe. 



SHBET 12.— Plants, DkotfyUdoiu.—ljBgar 
minons Trlbeu 

n 18.— Plants, Dicotjfledons. — XTm- 
belliferous and Solanaeeous Tribes. 

„ 14.— Plants, 2>ico<yle<fofu.— OlitiB, 
Rose, Crucifsrous, and Vine Tribes. 

» 15.— Plants, 27icotyIe(Zo}M.— Nettle^ 
Mallow, and Flax Tribes. 

„ 16.— Plants, Dicotyled(nu.~-Ooid- 
ferons and Cupullferous Tribes. 

H 17;.— Plants, MonoeotyUdons, — 
Grass and Lily Tribes. 

w 18. — Plants, Acotyledons. —'Tem, 
Mushroom, Moss, Lichen, and Sea^ 
weed Tribes. 

„ 19.— Qeology.— Study of the fonn- 
ation of the Earth, Fossils. 

„ 20. — Mineralogy.— Minorals em- 
ployed in the Arts (Natural Spe* 
cimens). 



The Set complete, with Manual of Natural History, In a strong box, 428. ; the Maanal 

separate, 4s. paper ; 4s. 6d. doth. 
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MURBY'S SCRIPTURE MANUALS. 

Intended to supply, in a compact form, the reqtdrementa of Students getting up the 

seTeral Books of the Bible for examinations. 

Old Testament History. 

Genesis . . . . 6d. 
Exodus . . . . 6d. 
Numbers . . . 6d. 
Joshua ft Judges (in iToL) 9d. 



First Book of Samuel . 6d. 

Second Book of Samuel . 6d. 

Fine Book of Kings . 6d. 

Second Book of Kings . 6d. 



Ezra, Kehemiab, ft Esther 

(in one) . . . 6d. 
Chronicles II. . . 9d. 
Jeremiah . . . 6d. 



New Testament History. — Qospols of 

St. Matthew . . . 6d. | St. Luke, New Edition 9d. I Acts of Apostles . . 9d. 
St. Mark . . . 6d. | St. John . . . 6d. | 

The Book of Common Prayer. A Manual Historioal and Explanatory. By J. B. 
OairrxTHS, B. A., St. John's College, Cambridge, WhewelFs Scholar of International Law. To 
this work S6pp. of Supplementary Notes have lately been added. liOpp., price Is. 

The Church Catechism Explained and Illustrated, and Its Truths 
Enforced by Scripture References. By William Mabigold, Master of tbe 
Fairford Endowed Schools; revised by the Rey. Johx Hoitok, M.A., Prebendary of Hereford 
Cathedral, and Vicar of Canon Frome. 3d., sewed. Enlarged Edition, to which S2pp. haTO 
been added, cloth, 6d. 

ENGLISH HISTORY. 

Analysis of English History. A Text Book for Colleges and Schools. By W. 
C. Fkakcb, and S. Haqcv, LL.B. x7ew Edition. Price Is. sewod Is. ed. cloth ; or with the 
Bi^^phical Appendix, Is. 3d. or Is. 9d. 

Biographical Appendix. By the Author of " Marby*8 Bcriptore Manuals." Paper 
covers, 4d. ; cloth, 6a. 

Murby's Junior History of England. A Heading Book and Text Book for use 
In Schools. Price is. Illustrated. 

The Scholar's Home Lesson Book of English History. A condensed 
Epitome of 'English History, chronologically arranged, and subdivided into daily lessons. 
By W. C. Pbabob, Joint author of ** The Analysis of Euglish History." eOpp., price 6d. ; or in 
two Parts. Fart 1., Julius Caasar to the Wars of the Roses, &c. Part II., Henry VII. to 
Victoria. Price 2d. each. 

■ The Chronological History of England. With copious Notes, for use in 
Schools. By Louis S. Abhahaiis, B.A. 36pp., sewed, 4d. ; cleth, Od. 

Simple Lessons in English History. For Beading Glasses. By W. C. Fbabcb. 
For Standard IV. 40pp., price 2d. ; for Standards IV.,- V., and VL, 112pp., price 6d. 

GEOGRAPHY. 

The Qeotrope : a Model showing the motions of the Earth, &o. Price £2 28. 

Elementary Geography for Schools. A First Book of Political, Gem- 
merctal, and HistorieaT Geography. New Edition, embracing the results of the Berlin 
Congress. By A. H. Dick, D.Sc. (Edin ), M.A., LL.B. (Loud.), F.K.G.6. Price Is. Od. ; 
Cheap Edition, Is. 

Murby's Geography and Atlas, consisting of the above work, and a Selection of 
Sixteen beauUfUUy engraved and coloured Maps (size 6in. by 7iin.). 2s. » cloth boards. 

The Connection of Geography and Astronomy. By Dr. A. H. Dice, D.Sc 
(Edin.), M.A., LL.B. (Lend.), F.R.a.S. Price, cloth. Is. An essential companion to most 
Bchool Geographies ; just contadns what thvy omit. 

Great Britain and her Colonies. From Dr. Dick's G^graphy for Schools. 96pp. 
Price 8d. 

The Scholar's Home Lesson Book of Geography. By W. G. Pbabcb. 
6d. cloth. Standard IL, Id. ; Standard IlL, Id. ; StandardlV., 2d. ; Standards V. and VL, 2d. 

Penny Geography of the World. Price Id. 

Easy Lessons in Physical Geography; For Beading Classes. Standard IV., 
price 2d. ; Standards IV., v., and VI., price 6d. 

Aids to Accuracy. Tables of History and Geography for fiieoaent repetition. By 
S. Caon. With Introduction by Canon Gbkgobt. New Edition, price 9d. 

County Geographies, wiui Maps. Middlesex, Lancashire, Yorkshire, Norfolk, Staf- 
forddUre, Surrey, Devon, Kent, Glamorgan, Lincoln, Nottingham, Warwick. Price 2d. each. 
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LATIN AND FRENCH. 
An Easy Etomentary Oomum of Latin. Beiag » mtIm off wotkB of » pg ro g na h 
df« ehAiMfe«r, aod In bold tijpeb fbr itrnpUtfing and ttqwditing faastrootion In Latin. By 
WiLUAv DoDBt. RkvlMd bj J. IL Mftaw.u fimnarij oom of B.]L1i LMpeeton of Schoola. 
Book L-^Xmtaint tba doelanaioni of nooni and the invporttiona. Book IL— The adUeottTo and 
pronoon. Book IIJL— TIm eooJnpKfeiont of Tarba. Book IV.— Imgolar Torba and indecUnaUlc 
paita of i p eee h . Frioa ML oaeh part } or oomplota^ doth, 9a. Ktj, 6d. 

The Poetical Latin Raadar. BelecUona from OvM, wtth Notee and Yocalmlaiy. 
Jty a Buioa, B.A. PrioaSafld. 

Le Petit Treaor. An Baay Firtt Fraaoh Grammar and ReadiDg Book. Fzioe 6d. 

REGISTERS. 
Regitter Oard of Attendance and Progress. Price Id. 

The Treaturer'a Oash Book. (60 leaTea), 4s. and On 0d. ; (100 teaTss) 68. and Ta. Od. 

The Orown Recleter of Attendance and Feee. By J. EL Bums. Fiioe Is. 
SpaelaUy adapUd fbrBohoota nnd«r Qovenunant ImqMotton. 

DRAWING. 
Ancient and Modem Vatee. By J. Wadit. 34 In a sek Price Is. 

Murby'a Freehand Examplee, Designed by W. A. Bicith, Oertifloated Master of 
the DepMtment of Seienoe and Art. M designs, slae Ifitn. by lOln. To be oopled by a whole 
ohMs ■UnaltaneoQSly. Frloe Sa per set, plaiii ; or 6a. on cards and with rings. 

Ounrillnear Freehand Oopiet. Grade I. By J. Wadit. 34 Large Cards. 
Price Sbl 

Ounriiinear Freehand Copiet. Grade n. By J. WAdbt. 18 Large Oteds. 
Prioe Sa 

The Young Artist. A Monthly Listmctor in Draivlng and Design. Noe. 1 to 13. 
Moe Sd. First Yearly Yolome, sttS oorers, 28. 

MUSIC FOR SCHOOLS. 

Now Pdbliahinc. 
What Shall we Sing? A Seleotion of Fart Songs In the Staff and Tonio Sol-fa 
Notations. Edited and oompoced by Thomas Hvbbt. biaed in Numbon^ id. each; and in 
Jftirts, oontalnlng TwelTe or more Songs, at 6d. 

The Musical Student's Manual. A Theoretloal and Pracfeloal Treatise om the 
Elementa of Music, and the Practice of Singing at Sight ify T. Mvanr. Crown Sro, 888pp., 
oloth,8B. 6d. 

Murby's introductory Manual of the Theory of Music. Fart L, price 
Od. TUs little wcrk is isBned for the aadttanoe of papiis preparing fw examination in 
Music, either at the Oxford and Cambridge Local Examination, the Qneen's Scholarship or 
CerUfloate Bxamination, or for those given by the Science and Art Department, South 
Kensington. 

New Tunes to Choice Words. A OoUectlon of simple Fart-Songs, ohiefly original, 
fbr Schools and Homes. Books J. and Il.> each containing Thirty.two Pieces, doth. Is. 6d. each. 

The Juvenile Tonlo^oi-Fa Part-8ong Book. Uniform with Onrwen's Tonio- 
Sol-Fa Reporter. Second Edition, price 8d., in stiff ooTors. By Hbsrt Balu Head Master 
of Royal Lanoasterian Schools, Manchester : and QaoaoK Thobxut, author of **The Choir." 
**The Scholar's Hymn and Tune Book," A*?., fta A. collection of 40 songs, arranged m 
three parts, in the Tonic-Sol-Fs Notation, for the use of Schools. 

The Merry-Qo-Round. A oolleotion of Rhymes, Jingles, and Bongo, for the amoe* 
ment of the little ones. By Thoiias Murbt. Is. sewed, 1& 6d. doth. 

Murby's Melody Piece Book, the Best and Cheapest Sdhool Tane Book. A 
Collection of 131 FSTOurite School Songs, Rounds, Ac. Words and Music, price 6d. Also in 

2 wo Farts, Sd. each. Compiled by the Rot. W. J. Dshicak, Rector of Btok»-b/-Clare, Sufiolk. 
osic revised by Tboiias Mosbt. 

The Lord 'a Prayer, set to Music for the opening or oloslng of School. By T. MuBBT. Id. 

Sinslns at Sight. By B. W. Sbarlb. In two Pftrts, fcap. 4to., 6d. each. 

____ *•* Schools simpUed with all kinds of School materials, Stationery, and Fnmitnre, at 
Whoteflale Prices. See MisoeUaneons Catalogue. The PubUoaUons <a other firms suppUsd on 
Wholessle Terms. 
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MATHEMATICAL WORKS. 

By Db. Riorasd Wormell, K.A., Head Master of the London Middle Claab Schools. 

Wormeirs Modern Qeotnetrv : A Kew Oonne of Plane Qeometry, in which the 
Tbeonr of the Science and its Practical Applications are treated slmnltaneously. RoTlsed by 
Frot Brtdohx Jack, President of the NewBmnswlck (JnlTersity. Grown 8to, 260pp., 2b. 

Solutions to Exercises in Modern Geometry. 2s. 6d. 

Wormell's Solid Geometry, 3nd Edition, fcap. Sro, 144pp., 28. 6d. 

Solutions to Exercises In Solid Geometry. By the Authob. 2s. 6d. 

An Elementary Course of Plane Geometry, for Artlsaiu. Srd Edition, fcap. 
Byo, 287pp., Ss. 

ARITHMETIC AND ALGEBRA. 

Aoithmetlc for Schools and Colleges. New Edition, fcap. 8to, 800pp., 28. ; 
with Answers, 882pp., 8s. ; Answers separate, is. By Dr. R. Wobmsll, M.A. 

Wormell's Shilling Arithmetic, for all claaaes of Elementarv SehoolB. 224pp., 
fop. 8to. The cheapest work of the kind. Price Is. or with Answers, oL bos., Is. 6d. 

The Graduated Arithmetic, for SehoolB nnder GoTermnent Inspection. By 
Dr. WoBMSLi.. 144pp., doth, 9d. Also in Farts adapted to the Standards of the Code of 1877. 

part I., Itop., prloe Id. | Part III., 32pp., price lid. | Part V., 32pp., price lid. 
H IL;.^„ '^,. IW. I „ IV..48,, „ al I „VL,48„ « 24. 

The New Standard Arithmetic. Adapted to the Code of 1877. By the Author 
of **£asy Stage Axithmetie." JaB>\9d in Parts. Adapted to the several Standards. Standards 1., 
II., III., and lY. Price Id. each. Answers to the whole, 4d., doth. 

Bridge's Spotted Numerals, for Teaching the Value of Figures, and 
their Manipulation In the Simple Rules. Adopted by the London School 
Board. Price, on Tablszs in Box, Is.; by pobt, Is. Sd. Frames for Exhibiting the 
Tablxts, ls.6d. 

Arithmetical Exercises in Words. To prepare Children for the examination 
of H.M.'s Inq>ectors, whose questions are given wholly in words. In Five Books. Book I.. 
Simple Rnles; Book II., Simple Kuies; Book IIL, Honey Rules; Book IV., ^Veights and 
Measures ; Book V., Practice and Bills. Price Id. each ; or in stiff wrappers, JSd. The whole 
in doth, 8d. Azumers to each Book, price Sd. or complete, cloth, 6d. 

Langton's Examples. Standards I., II., III., and IT. Price 1^. each. Eej to eacb 
Partfpncead. 

Thrower's Easy Stage Arithmetic. Standards I., II., IIL Price 6d. Key, 6d. 

Arithmetical Test Cards in Words. Adapted to Codc^ 1877. Recommended 
generally by H.M.'s Inspectors. Six Sets, one for each Standard. Price per set, with Key, 9d.; 
Key, separate, 2d. eadL 

Wadey's Keyless Arithmetical Test Cards. 61z Sets, one for each Standard. 
Adapted to the Code, 1677. Price, per set, 9d. The Exercises are given partly in words and 
partly in flgwes. 

Murtaiy's Algebraical Test Cards. Uniform ^th Hnrby's Arithmetioal Test 
Cards. Three Sets, adapted to Standards IT., Y., and VL Each, with Answers, price 6d. 

Mijrby's Algebra for Beginners. Up to Qnadratio Equations. By W. Dodds, 
Price lOd. (>rinFoarPSrtB:LandIL,ad. eadi;llLandIV.,8d.each. Key, price 6d. 

The School and College Mental Arithmetic. By the Ber. J. 0. Dangab, 
B.A., St. John's, Oxford, Frindpal of the £xeter Training Collie. Is. 

Notes of Lessons on the Metric System of Weights and Measures, 
and on the Decimal Coinage. By the Ber. J. Q. Dakgab, BJL 6d. and 9d. 
Card of the Metric System. Tables and Exerdses, ^th Answers. Prloe 2d. 

The Commercial Correspondent. For the nse of Schools and the Junior 
Kmployis in the Counting House. By Bbbmaxix Batlxt. Is. 6d. 

Standard Arithmetical Cards. Six in number, from dimple Addition to 
Practioe. Perset^ 8d.; perdosen, 6d. ; per gross, 6s. Key, cloth,6d. 

Murb/s Senior Table-book. Price Id. ; to schools, 6s. per gross. 
Murby's Junior Table-book. Price Id. ; to schools, 8s. per gross. 
Murby's Table Card. Price id. ; to schools, 6b. 6d. per gross. 
Murby's Arithmetical Examination Papers. To schools, 2b. per 100. 
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THE HIGH SCHOOL SERIES. 

Embracing Text Books and Lecture Notes on Languace, Literature, and 

Science. 



EDITED BY KASTEBS OF FXTBUO B0H00IJ9. 

THE HIGH SCHOOL READERS, 

IN SIX QRADEa 

In the flnt three gredes of the HlOH SCHOOL Rkadxbs, the extracts selected are of 
ft wholesome, geol*!, and Interesting Und, and sach as are oalonlated to educate the 
earliest and hest fee^ogs of the child hy the heart and imagination. 

Most of onr best oratory is connected with historical subjects, and much of onr beet 
descciutlTe literatnre rclors to travels and adyentnxe. We may, therefore, with adran* 
taoe, combine the direct porposo of the reading lesson with the teaching of History and 
Gennaphy. With these points in Tiew, Qrsdes IV., Y., and YI. are each oonstmcted in 
thrce parallel parts, consuBting of extracts from onr best anthers, arrange systematic- 
ally for tf«/<ti*ng respeotiTelyEnglish literature^ History, and Geography. 

The selections from Qeneral Literatnre are connecbad with Lessons in Grammar, 
Composition, Paraphrases, and Bxaminationa of Style. The Historical extracts are 
selected so as to be progressiTe as regards difficulty and arranged in chronological order. 
The extracts on Adventure and Travel commence with our own country, and extend 
xegnlarly from the best to the least known parts of Uie world. 

Book Vi.— Literary and Historical, 820pp., cr. 8vo., d. bds. (Beady) 2s. Od. 
Book V.'Llterary, Historical, and Qeographlcal, 2S6pp., cr. 8vo., 

cL bds (Beady) Is. 9d. 

Book IV.— Literary, Historical, and Geographical, 240pp., cr. 8?o., 

dbds. (Beady) Is. 6d. 

Book ill.— Part I. : Literary. Price 6d. 
Book II.— Part I. : Literary. Price 6d. 
Book I (Beady) OS. 4d. 

THE HIQH SCHOOL SCIENCE SERIES. 

It has been the aim throughout the Scries to present Science in an attractive form, so 
as to create in those who have been led to take up the study the desire to pursue it. Tbe 
fundamental facts in eadh science are discussed and explained with all the cazo and with 
all the fulness necessary to make tbmn clearly understood without refarmoe to other 
books. 

Lectures on HEAT Price Bd. Now Beady. 

Lectures on MAGNETISM .. „ Bd. „ „ 

Lectures on CHEMISTRY „ Bd. „ „ 

QENERAL SUBJECTS. 

The ARITHMETICAL EXAMINER, containing Examination Papers sot at the 
tarioua Public Schools and the Universities, arranged In order of difficulty. 

Without Answers cloth limp. Is. 4d. 

With Answers cloth boards, 2s. Od. 

Answers Only cloth limp, 0s.8d. 

The QEOQRAPHIOAL NOTE BOOK Price 8d. 
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